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ABSTRACT
Smith, Bob L. , Ph. D. , Purdue University, January 1964.
An Application of Gravity Model Theory Using a Small Sample o f
Origin-destination Data. Major Professor: Harold L. Michael.
This thesis reports the results of a study concerned with an ap-
plication of the gravity model in which the model parameters --
trip production, trip attraction and travel time factors -- were esti-
mated using data obtained from a small sample of home interviews
taken in a sample of origin-destination (O-D) survey zones.
A gravity model was calibrated using the estimations of trip
productions and attractions obtained from the small sample of O-D
interviews. An additional model was calibrated using the productions
and attractions obtained from the comprehensive O-D survey. The
resulting distributions were compared with the distributions obtained
from the comprehensive survey.
In the sample study, the information obtained from interviews
from 402 dwelling units in 14 selected zones in the survey area was
utilized. The comprehensive O-D study consisted of 2, 528 inter-
i
views obtained from a 20 per cent sample of dwelling units from all
8 3 zones in the survey area. The comprehensive survey was con-
ducted in 19 59 in Hutchinson, Kansas which had a population of ap-
proximately 38,000 persons. The study was limited to the consider-
ation of auto-driver trips in which each trip had both its origin and
destination within the survey area.
The auto-driver trips were classified according to trip purpose
and the three trip purposes of home-work, home-other, and non-home
were studied in detail.
The study was concerned with "present day" traffic rather than
with the estimation of future traffic; however the data used in the
development of estimating equations for trip attractions and trip pro-
ductions were those which one could expect to be obtained quickly and
economically, and that one could expect to estimate reasonably well
for the future.
Current zonal trip productions and attractions were adequately
estimated from the mathematical models developed from the small
sample of home interviews. Best estimates resulted for home-based
trip productions, but estimates of non-home-based trip productions
and all trip attractions appeared to be adequate for planning purposes.
Travel time factors for the distribution of trips were satisfact-
orily estimated by calibrating the gravity model with trip length
frequency data developed from the small sample of home interviews.
The gravity model using trip productions and travel time factors
developed from the small sample of home interviews distributed
trips among all zones to give an adequate reproduction, for planning
purposes, of the trip distribution obtained in the comprehensive
O-D study.
INTRODUCTION
Since the end of World War II, the increase in size of urban areas
and the increase in automobile ownership have created new and in-
volved transportation problems. Organizations such as the Bureau
of Public Roads, state highway departments and other federal, state
and municipal agencies are vitally concerned with the making of
decisions which relate to both when and where to construct new roads
and streets or to improve existing ones.
In order to carry out the planning of solutions to a particular
urban transportation problem, the agency or persons involved must
have available factual data which describe the problem as it exists
and from which estimates may be made of the problem as it may exist
in the future. The gathering and the analysis of such data is called a
transportation study. A large number of such studies have been made
in the last ten years and concerted efforts to develop more meaning-
ful transportation studies have resulted in general agreement that
urban traffic patterns ( l)* are a function of:
1. The type and extent of the transportation facilities t
available in an area.
2. The pattern of land use in an area, including the
location and intensity of use.
3. The various social and economic characteristics
of the people who make trips.
* Numbers in parentheses refer to items in the list of references.
As a result there lias been made a significant effort to develop a
transportation planning process which utilizes these interrelationships
in providing quantitative information on the travel demands created by
alternate land use patterns and transportation systems in any urban
area. Such information can then be used by various agencies to make
the decisions about when and where to make improvements in trans-
portation networks to satisfy present and future travel demands, and
to promote desirable land development patterns.
The planning process must, then, be capable of estimating within
limits of acceptable accuracy, the zonal trip interchanges for the
alternate land use patterns and transportations systems one might
reasonably expect to develop in an area. The problem then becomes
one of developing such a process. As one would expect, the informa-
tion obtained from home interview origin-destination surveys coupled
with information on the existing land use configuration and transporta-
tion system gives an adequate picture of the existing travel patterns
in an area. However, it is the future travel demands with which we
are most interested, and the present-day data must in someway be
extrapolated to the future.
Studies of travel habits have led to the development of mathe-
matical formulas or " traffic models" which can satisfactorily
reproduce zonal trip interchange estimates from comprehensive
home interview traffic studies. If one can estimate, within accept-
able limits of accuracy, the present-day zonal interchanges, and as
these interchanges are dependent upon measurable characteristics of
the urban area it follows, that if one can estimate the future urban
characteristics such as intensity and type of land use, the distri-
bution of job opportunities, and the economic status of the residents,
one should be able to estimate the zonal interchanges of the future.
This is subject, of course, to the possibility that, for a given set of
identical circumstances for the present and the future, higher or
lower trip generation rates may result because of a change in the
amount of travel per vehicle. Several formulations of traffic models
have been developed for the estimation of future interchanges, parti-
cularly in large metropolitan areas, but much additional research is
needed to evaluate and verify the various models in cities of all sizes.
The mathematical traffic model offers to those responsible for
making the decisions concerning the development of the transportation
system estimates of likely consequences in terms of traffic patterns
for various alternative land use configurations and transportation
systems
.
There are a number of different traffic models currently being
utilized in transportation studies but the most widely used model to
date is the so-called "gravity model. " This model is based upon the
adaptation of Newton's Law of gravity to the movements of human
beings. Newton's Law states that the gravitational force exerted
between two bodies in space is in direct proportion to the masses of
t
the two bodies and inversely proportional to the square of the distance
between the bodies.
A number of persons over the years have used Newton's Law
as applied to human activities with varying degrees of success. In
the middle 1800 's, H. C. Carey (2) theorized that the attraction
force between two large population masses followed Newton's Law;
G. K. Zipf(3). W. J. Reilly(4), and H. J. Casey ( 5) were among
others that attempted to apply Newton's Law to human activities. In
19 55, Alan Voorhees developed a gravity model theory of traffic
movement in which he used the principle of Newton's Law (6).
In order to apply the gravity model theory to a given city , it
generally" is considered necessary to conduct, as a minimum, a
comprehensive origin-destination ( O-D) survey and to "calibrate"
or adjust the model to reproduce, at an acceptable level, the trip
distributions found in the O-D survey. The model is then used to
distribute 'rips with various configurations of land use and trans-
portation alternatives that one would logically expect to develop in
the future.
The survey r methods used to gather O-D data on present-day travel
are both expensive and time consuming. Certain Iowa studies ( *) ( 1 3)
indicated quite graphically the savings in time and money made possible
by the utilization of the Gravity Model, and also explored the feasi-
bility of applying the gravity model to cities with a population as small
as 34,000 persons. In nearly all of the previous uses of this model
very large metropolitan areas were studied ( 10) .
Purpose
i
This research was concerned with the use of the gravity model
in a small city and was conducted to study the feasibility of using a
small sample of home interviews taken in a sample of O-D zones to
estimate the gravity model parameters, trip production, trip attrac-
tion and travel time factors. A gravity model was calibrated using
the estimations of trip productions and attractions obtained from the
small sample of O-D interviews. An additional model was calibrated
using the productions and attractions obtained from the comprehen-
sive home-interview O-D survey. The resulting distributions were
compared with the distribution obtained from the comprehensive
survey.
In the sample study, the information obtained from interviews
from 402 dwelling units in 14 selected zones was utilized. The com-
prehensive O-D study consisted of 2, 528 interviews obtained from a
20 per cent sample of dwelling units from all 8 3 zones in the survey
Scope
The study was limited to the consideration of auto-driver trips
which were internal in nature. That is. each trip had both its origin
and destination within the survey area. The survey area is shown in
Figure 1.
The auto-driver trips were classified according to trip purpose.
The three trip purposes of home-work, home-other and non-home-based
trips were studied in detail.
The study was concerned with "present day" traffic tfather than
with the estimation of future traffic; however, the data used in the
development of estimating equations for attractions and productions
were those which one could expect to be obtained quickly and econom-
ically, and that one could expect to estimate reasonably well for the
future.

Gravity Model Theory and Use
The gravity model theory as proposed by Voorhees stated that
the trip interchange between zones is directly proportional to the
relative attraction for trips of each of the zones and inversely pro-
portional to some function of the spatial separation between zones.
Stated mathematically, the gravity model formulation as used
in its earlier applications, is shown below.



















= Trips produced by zone i and attracted to zone j
= Trip produced by zone i
= Trips attracted by zone j
= The spatial separation between zones i and j,
and generally expressed as total travel time
between zones i and j
b = An empirically determined exponent which
expresses the average areawide effect of
spatial separation between zones on the
amount of trip interchange.
Early research by Voorhees and others indicated that the ex-
ponent, b, varied between 0.6 and 0.8 for work trips in areas of
different population size (7). Davidson (8) found exponents of 3.5
and 5.0 most suitable for work trips and non-work trips, respectively,
and the differences among exponents developed by him and those
developed by Voorhees and others were explained to some extent by
differences in the manner of measuring time and distance between
zones. A number of studies have indicated the need for a variable
exponent and Davidson (8) found that the best exponent for near zones
was different from the best exponent for distant zones.
In response to the studies indicating a need for a variable expo-
nent and other refinements, the form of the gravity model formula
was changed to the following which was used in this study:
P. A. F. . K. .
T. . = - i ^ ^— (Equation A )
i-J
I A F. K.X l-X l-X
X=il
in which the distribution is generally handled on a basis of various
trip purposes and where:
T. . = Trips produced in zone i and attracted to zone j
P. = Trips produced by zone i
A. - Trips attracted by zone j
F. . = An empirically derived travel time factor which
expresses the average areawide effect of
spatial separation on the trip interchange
between zones. The measure of distance
or spatial separation between zones is
usually the total travel time between the
centroids of zones i and j. The use of this
factor to express the effect of distance be-
tween zones upon the zonal trip interchange,
rather than the previously used inverse ex-
ponential 'function of time, greatly simpli-
fies the computational requirements of the
model. It also provides for the considera-
tion that the effect of spatial separation
generally increases as the separation in-
creases, particularly for some trip purposes.
K. = A specific zone-to-zone adjustment factor
"^
to allow for the incorporation of the effect
on travel patterns of defined social or
economic linkages not otherwise accounted
for in the gravity model formulation.
n = Total number of zones.
In dealing with the gravity model, confusion often exists among
the terms productions, attractions, origins, and destinations.
With the exception of trips classified as non-home-based, the
number of trips produced refers to the number of trips originating
in and returning to a given zone; the number of trips attracted refers
to the number of trips arriving at and departing from a given zone.
The gravity model, in the determination of T. ., deals with trip
interchange between zones and such interchanges do not imply the
direction of movement. The trip interchange between zones is often
referred to as "non-directional" or "two-way" trips as opposed to
directional trips or trips which start in zone i and end in zone j. Some
models use the one-way trip and deal with origins and destinations.
As an illustration of the differences between trip productions and at-
tractions consider the following example:
Figure Za schematically represents trips made by occupants of
a given dwelling unit of Zone 1, while Figure 2b represents trips made
by a resident of Zone 3. The "tail" of the arrow (a trip) represents an
origin, while the "head" of the arrow represents a destination.
The trips illustrated in each figure will be separated into two
categories, the "home-based" and the "non-home-based" trips. Any
trip in which the home is one end of the trip is classified as a home-
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regard to trip purpose such as work, eat meal, social, medical-
dental, school, etc. Any trip in which the home is neither end of
trip is classified as a non-home-based trip. In Figure 2a, trips 1,
5, 6, 7 and 8 are home-based trips while in Figure 2b trips 1, 2, 5
and 6 are home-based trips.
Trip 8 in Figure 2a, and trips 7 and 8 in Figure 2b are intra-
zonal trips since both ends of the trip remain within a single zone.
All other trips are interzonal trips.
In Figure 2a, Zone 1, the zone of residence of the trip maker
"produces" 5 home-based trips (trip ends), and in Figure 2b, Zone 3,
the zone of residence of the trip maker "produces" 4 home-based
trips (trip ends). Note that in Figure 2a the origin of trip 1, the
destination of trip 5, the origin of trip 6, the destination of trip 7,
and the origin of trip 8 are trip "productions" and similarly, in
Figure 2b, the origin of trip 1, the destination of trip 2, the origin
of trip 5, and the destination of trip 6 are termed trip "productions. "
Note that in either Figure 2a or 2b that only those zones in which the
trip maker resided were producers of home-based trips.
It follows then that for any zone to be producer of home-based
trip ends there must be persons residing in that zone making trips
that have one end at home.
Any end of a home-based trip which is not a "production" is
said to be an "attraction". The home-based trip attractions are
distributed as follows:
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Zone No. of Trip and End
Attractions
1 1 Destination end of trip 8
(see Figure 2a) 2 1 Destination end of trip 1
3 I Origin end of trip 5
4 2 ( Destination end of trip 6
( Origin end of trip 7
Total
( Destination end of trip 1
( Origin end of trip 2
(see Figure 2b) 2 2 ( Destination end of trip 5






Consider the non-home based trips. In Figure 2a, the non-
home-based trips are trips 2, 3 and 4, and in Figure 2b, they are
trips 3, 4, 7 and 8. For non- home -based trips, the production end
of a trip is its origin end and the attraction end is its destination.
The non-home-based trip production is distributed as follows:
Zone No. of Trip and End
Productions
1
(see Figure 2a) 2 1 Origin end of trip 2
3 1 Origin end of trip 3
4 1 Origin end of trip 4
Total - 3
Origin end of trip 3
(see Figure 2b) 2 1 Origin end of trip 7
Origin end of trip 8






The non- home -based attractions are distributed as follows:
Zone No. of Trip and End
Attractions
1
(see Figure 2a) 2
3 2 ( Destination of trip 2
( Destination of trip 4
4 1
(
Destination of trip 3
Total = 3
1 1 Destination end of trip 4
(see Figure 2b) 2 1 Destination end of trip 7
3 1 Destination end of trip 8
4 1 Destination end of trip 3
Total = 4
Note that there are always as many productions as attractions on a
total study area basis since each trip has two ends.
If one would superimpose Figure 2a upon Figure 2b, the gross
effect would be that of having considered trips by persons residing in
both Zones 1 and 3. If all internal trips by all residents of the zones
were recorded, total trip productions and attractions could be deter-
mined. If one would interview each resident of Zone 1 and determine
the trips produced and attracted to each of the four zones for both
home-based and non-home-based trips, one would have the following
information:
(a) The total number of trip productions that would
be said to be produced by Zone 1. (This
number would correspond to P^ i-n the gravity
model formula.)
(b) The number of home-based trip attractions in
each zone would correspond only to the dis-
distribution of the attraction ends of trips
produced by the residents of Zone 1.
The non-home-based attractions and productions,
likewise, would correspond only to the distribution
of the non-home-based trips "made" by the
residents of Zone 1.
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It follows, then, that to obtain the total number of home-based
attractions, or non-home-based productions or attractions in a given
zone the universe of all the population of all zones must be inter-
viewed or sampled while the total number of home-based productions
of a given zone can be obtained by interviewing or sampling from that
particular zone.
Figure 3 shows a schematic diagram of the process of deter-
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In order to carry out the objectives of the research, the metro-
politan area of Hutchinson, Kansas was chosen for the study. The
City, in 1961, had a population of 37,873 while the metropolitan area
had a population of approximately 41,000 persons. At the initiation
of this project this was the only "smaller" city in Kansas in which
both an internal origin-destination survey as well as a land use study
had been made. The Pittsburg, Kansas Transportation Study was
completed in the summer of 1963. Origin-destination and some land
use data were available for Topeka, Wichita and Kansas City. Kansas.
These were the three largest metropolitan areas in Kansas and were
not typical in size of "smaller" Kansas Cities. Table 1 indicates all
cities in Kansas with a population over 10,000. There were 24 cities,
outside of metropolitan areas, with a population between 10,000 and
50,000, and only 3 cities with a population over 50,000. It was
believed that the results of the study, if aimed at such smaller cities,
would be of greatest value in Kansas since the smaller cities so
outnumber the larger metropolitan areas.
In 1959, the Kansas State Highway Planning Department, in co-
operation with the Bureau of Public Roads and the City of Hutchinson,
conducted a comprehensive home interview O-D survey and a com-
plete land use study in the Hutchinson Metropolitan Area. The O-D
survey was conducted in accordance with standard procedures pre-
17
TABLE 1
































* Populations as of January 1, 1962 as reported by county assessors
and compiled by the Kansas State Board of Agriculture.
h * Included within Kansas City, Kansas Metropolitan Area.
scribed by the Bureau of Public Roads. The internal survey was made
by the home-interview method in which a 1 in 5 (20 per cent) dwell-
ing unit sample was taken. The data gathered in the internal O-D
survey and the land use study were used in this research.
Among the data collected for each surveyed dwelling unit in the
internal O-D survey were the following:
Number of persons
Number of employed persons
Number of cars owned
Age groups
Number of vehicular trips
Trip purposes at origins and destinations
Mode of travel for each trip
The land use study recorded the following major groupings of







Personal, business, repair services and office
Government and utility
Other open space -- streets, alleys, rivers, lakes, etc.
Recreation and institution
Appendix A shows the land use categories recorded within each
major grouping.
The research was carried out in the following steps:
1. The preparation of O-D survey data for use in the research.
2. The selection of zones for use in the sample study.
3. The development of equations for estimating zonal pro-
ductions.
4. The selection of samples in the 14 zones.
5. The development pf equations for estimating zonal
attractions.
6. The development of travel time factors.
7. The analysis of the study results.
19
Preparation of O-D Survey Data for Use in the Research
i
The information obtained from the internal O-D survey ( here-
after referred to as the O-D data or O-D survey data) was, for the
most part transferred to tabulating machine punch cards and was
available to the researcher from the beginning of the research project.
The cards were of two general types: Card 1, referred to as the
dwelling unit card (only one Card 1 existed per sampled dwelling),
contained information on the zone in which the dwelling unit was
located, the number of cars owned by persons living in the dwelling
unit, the number of persons living in the dwelling unit and informa-
tion on the number of trips made on the day (the trip day) prior to
the interview. Card 2, referred to as the trip card, contained in-
formation on the location zone of the home (or dwelling unit), the
zone of origin of the trip, the zone of destination of the trip, the land
use category at both destination and origin of the trip, mode of travel,
the number of persons in the car and the purpose of travel of each end
of the trip. There was a Card £ for each trip recorded at a sampled
dwelling unit.
Classification of Trips by Purpose
In most model studies the trips have been studied by grouping
them into a number of trip purposes. After studying the O-D survey
data, initially it was decided that the five trip-purpose groupings;
home-miscellaneous and non-home, would be studied instead of the
following O-D survey trip-purpose categories:
20





In an origin-destination survey, one trip ends and another begins
every time a person changes his mode of travel, an auto-driver stops
to serve a passenger, or when the trip-maker reaches a destination.
In the first two cases, if each of these trips were analyzed separately,
the relationships among the actual starting point, the destination and
the purpose of trip would be lost. It would also be difficult to relate
the type and intensity of trip making to the type and intensity of land
use. Consequently, it is desirable to combine or link those trips
which have a "change travel mode" or "serve passenger" purpose so
that the relationship between the purpose of the trip and the destina-
tion of the trip is preserved. Suppose, for example, that an auto-
driver drives his car from his home to the home of a co-worker where
he picks up his co-worker and they both proceed to work. In this case,
the auto driver's travel would be recorded as two separate auto-driver
trips, the first one from "home" to "serve passenger" and the second
one from "serve passenger" to "work". Since the auto-driver's
purpose was to get to work, it is desirable for analysis purposes to
"link" the two trip records into one which covers the entire journey.
In this case, the auto-driver's "linked" trip would become a "home
to work" trip by automobile. Similar reasoning could be used on
travel involving change of travel mode.
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Trip linking may not be necessary in all cases. In many small
cities where "change travel mode" trips may be small in number
because of lack of transit facilities and where "serve passenger"
trips may also be small in number because of the absence of car
poolings, trip linking may be unnecessary ( 1 2) . However, in
studying the Hutchinson data it was found that although "change
travel mode" trips were negligible, the "serve passenger" trips made
up approximately 23 per cent of all auto driver trips. It was, then,
considered necessary to link these trips. The linking was accom-
plished by hand rather than with an electronic computer. In this
case, it was judged to be more expedient to "hand" link than to pre-
pare a computer program for the process. Trip linking in a large
metropolitan survey area would, no doubt, be most efficiently
carried out by the use of a high speed computer. The Bureau of
Public Roads, in fact, has such a "trip linking" program for use on
the IBM 1401 ( 1 2)
.
In the linking process for Hutchinson about 2,400 "trips" were
lost. That is, there were 2, 400 trips that made up a part of a journey
with such trips not being meaningful to the major trip purpose. With
the "serve passenger" trips linked or converted into meaningful pur-
poses, the original ten trip purposes were combined into five trip
' purpose categories. Eventually it was found, because of the small
numbers involved, to be more satisfactory to use only three trip
purpose categories.
Two general classifications of trips are usually made because
of differences in treatment of trip productions and attractions, and
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Two general classifications of trips are usually made because of
differences in treatment of trip productions and attractions, and
because of the numbers of trips involved. They are, first, the trips
in which one end of the trip is the home (home-based trips) and,
second, the remaining trips in which neither end is the home (the
non-home-based trips). Table 2 and Table 3 indicate that the major




Using these three categories for home-based trips and combining
all other home-based trips into one category, and all non-home-based
trips into another category resulted in five trip purpose groups
with
percentages of trips in each group as shown in Table 4. During the
process of developing estimating equations for trip productions and
attractions, as well as in the calibration of the model by purpose, the
relatively small numbers of trips in the home-based social- recreation,
shopping and miscellaneous trips appeared to be responsible for much
of the variability of results being obtained. In view of this, the
trip
purpose groups were further combined as shown in Table 5. The
discussions throughout the remainder of this report relate to the
three trip-purpose groups, home-work, home-other, and non-home
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* Initial trip-purpose categories for the study.
** Includes home - business, medical-dental, school, change travel
mode and eat meal.
Number Percent
of Trips of Trips
Home - Work 18,183 25-53
Home - Social-Recreation 11,010 15-45
Home - Shopping 10,599 14.88
Home - Miscellaneous** 10,092 M.16
Non - Home 21,358 29.98
TOTAL 71,242 100
TABLE 5
AUTO DRIVER TRIPS - BY PURPOSE OF TRIP*
Number Percent Trip Purpose Code
of Trips of Trips foi the Study
Home - Work 18,183 25-53
Home - Other** 31,701 U.49 9
Non - Home 21,358 29.98 4
TOTAL 71,242 100
* Final trip-purpose categories for the study.
** Includes home - social-recreation, shopping and miscellaneous.
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Additional Data Obtained
The rumber of employed persons per dwelling unit was deter-
mined from the home interview sheets and was placed in each dwell-
ing unit card. Persons classified as non-gainfully employed workers,
which included housewives and other unpaid home workers, retired
workers, persons permanently incapacitated for any gainful employ-
ment and students were not included in the employed persons totals.
The net area of residential land use per dwelling unit was ob-
tained and was placed in each dwelling unit card. This was deter-
mined in the following manner: The area of residential land in a
given zone less the vacant land zoned residential was divided by the
number of dwelling units in the zone. The area was recorded in
1000 's of square feet per dwelling unit.
The driving time from the centroid of each zone to the Central
Business District (CBD) -was determined to the nearest 0. 1 minute
from the time-trees developed from a travel-time study in Hutchinson.
Prior to the development of estimating equations for work trip
attractions, it was decided, as was found in an Iowa study (9), that
the number of jobs in a zone would be expected to be a potent in-
dicator of home-work trip attractions. Information on various cate-
gories of employment in each zone was therefore collected. An
attempt was made to determine the employment in the various zones
as it existed at the time the O-D survey was made, but it was pos-
sible to determine only major changes in employment. A very good
correlation, however, of total number of jobs in the survey area with
27
the i960 Census data was obtained.
The employment study was made in the Hutchinson Office of the
Kansas State Employment Service. Due to the excellent cooperation
of the employment service personnel, the survey was completed
within three days with two persons collecting most of the data. The
number of employees in each of the ten types of business and industry
listed below, and the number of self-employed persons were tabu-
lated by zone.












Selection of Zones for use in the Reduced Sample Study
Zones were selected for the reduced sample survey so that they
would reflect a range in such zonal characteristics as residential
density, car ownership rate, population density, distance from the
central business district and distance to the nearest large employment
center. An investigation of the Hutchinson data showed that the prin-
cipal CBD zone, 12, was, in fact, the large employment center in the
city. A zonal map (Figure l) was used in selecting the zones. For
each zone having any significant number of dwelling units, the number
of dwelling units, cars owned by residents of the zone, total number
28
of persons residing in the zone, cars per dwelling unit, and persons
per dwelling unit were noted on a zone map.
The selection of zones was further based upon opinions of
those familiar with the nature of residential areas in Hutchinson
such that zones of varying economic status or value of residence
would be chosen.
Zones 12, 16, 33, 51, 64, 75, and 77 were chosen for initial
study; however, in the analysis concerning the estimation of trip
productions and attractions, it was found that seven zones were
inadequate for the intended use. Additional zones 14, 24, 53, 57,
59, 6l, and 62 were chosen for the remaining analysis.
Pertinent data on all zones, as well as the fourteen selected
zones, are shown in Table 6. In Table 6, the numbers in the
column titled "Total Dwelling Units" were obtained by multiplying
the number of sample dwelling units within a zone by the dwelling
unit factor (D„ U. F. ) for that zone. A sample dwelling unit was
taken as any dwelling unit in which an interview was intended to be
made. Thus, vacant dwelling units, dwelling units in which
residents refused to answer questions, dwelling units in which no
one was found at home or in which contagious sickness was found,
and dwelling units in which survey questions were answered com-
prised the total of sample dwelling units in a given zone.





w he r e
A = Total number of addresses in the zone
B = Total number of addresses, in the zone,
initially selected as sample dwelling units
C = The sum of sample dwellings within the zone
found to be vacant, demolished or used for
commercial purposes only
D = The sum of interviews within the zone "missed"
because of contagious sickness in the household,
no one found at home or residents refused to
answer questions.
Note: When "D" is zero, D. U. F. = -^- .
1 1*The numbers in the column, in Table 6, titled "Dwelling Units
were obtained by multiplying, for each zone, the dwelling unit factor
by the number of sample dwellings in which answers to the survey
questions were obtained.
The Development of Equations for
Estimating Zonal Productions
Early attempts were made to develop estimating equations based
upon groups of samples within each of the seven initially selected
zones. It was hoped that interviews obtained in a single zone could be
grouped into small subsamples that would give good estimates of the
productions and attractions of that particular zone.
Information concerning the assessed evaluation per dwelling unit
in Zone 75 (see Figure l) was obtained in a two-day study of the city
records in Hutchinson. The "evaluation" data were tested for value
as an "economic" indicator in the production of trips. The results












Di s tance Area/DU Total
Units • Owned Persons (Min.> (Sq. Ft.) Jobs
12** 293 245 156 341 0.5 2300 5000
13 66 51 36 143 2.0 6110 614
14** 754 656 588 1695 1.4
.
5402 361
15 337 271 224 975 2.9 8601 32
16** 434 393 374 1343 4.3 8602 197
17 164 118 72 398 2.7 8710 169
18 541 453 325 1410 1.7 6403 615
19 464 422 457 1398 2.9 7797 175
20 - - - - 4.1 - 72
21 - - - - 5.6 - 9
22 - - - - 6.2 - 3
23 15 15 15 26 5.5 6140 226
24** 270 250 347 864 5.7 11301 21
25 - - - - 10.1 12500- 171
26 - - - - 5.5 1250O -
27 40 40 60 134 7.7 16380 19
28 25 25 35 114 8.3 15450 4
29 5 5 5 10 10.6 12500 4
30 - - - - 3.0 - 45
31 - - - - 4.2 - 90
32 55 55 70 174 3.9 11150 73
33**
. 298 284 358 1080 5.7 13799 56
34 5 5 5 15 3.9 12500 127
35 35 20 15 61 4.6 23350 130
36 41 31 41 81 4.3 2610 15'
37 5 - _ - 4.6 - -
38 - - - - 5.3
-
5
39 41 41 56 132 6.4 22280 12
40 10 10 10 36 6.0 12500 184
41 - - - - 12.0 - 3
42 81 81 132 234 7.7 34560 11
43 15 15 10 36 9.4 12500 4
44 10 10 15 41 7.8 12500 4
,45 46 » 46 66 178 7.4 14950 6
46 5 5 15 20 8.6 12500 -
47 - - - - 10.7 - -
48 5 5 5 30 12.6 12500 -
49 - - - - 14.0 - -
50 117 100 58 144 1.6 1630 1150
51** 1472 1244 1236 3573 2.9 1126 766
52 32 27 21 112 3.3 7850 100






















54 133 112 138 401 3.9 12460 -
55 32 32 48 70 3.9 17410 146
56 94 94 125 324 6.1 16460 153
57** 313 275 349 840 5.9 13601 99
58 534 493 567 1414 5.2 10002 65
59** 603 540 551 1576 4.3 5701 166
60 861 824 1021 2387 5.0 1311 190
61** 357 292 402 986 6.3 7799 251
62** 413 384 454 1524 7.4 10302 61
63 1163 1074 1151 3470 4.5 2969 513
64** 574 539 575 1781 5.8 1775 155
65 90- 74 96 265 7.7 7500 604
66 - - - - 8.8 - 809
67 64 60 79 243 9.7 29130 50
68 - - - - 11.1 - 85
69 - - - - 9.2 - 62
70 - - - - 6.8 - -
71 171 144 203 621 11.2 37620 17
72 91 81 111 258 8.7 13500 69
73 - - - - 6.4 - 234
74 655 620 855 1890 6.2 1835 123
7 5** 698 641 854 2157 6.7 1153 163
76 258 243 400 869 7.3 15298 78
7 7** 495 464 676 1471 7.3 5188 76
78 31 31 87 102 6.8 36970 13
79 31 31 61 92 8.7 26670 18
80 5 5 5 19 12.1 12500 3
81 14 14 19 33 10.8 12500 11
82 - - - - 11.6 - 1
83 10 10 10 46 11.7 12500 7
84 67 67 87 256 12.8 18880 7
85 46 46 82 200 12.6 32790 84
86 - - - - 11.5 - 19
87 55 55 89 188 10.7 20710 59
88 5 5 10 31 14.9 12500 -
89 10 10 15 30 14.9 12500 1
90 - - - - 16.9 - -
91 - - - - 16.2 - 2
92 25 25 30 94 13.6 12500 9
93 5 5 10 '35 12.0 12500 6
94 15 15 15 69 13.6 12500 15
* No. Dwelling Units Answering Survey Questions x Dwelling Unit Factor
** Indicates 14 selected zones
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samples showed such a great amount of variability. Examination of
the evaluation study indicated that such a study for each zone in the
area would probably not produce data that would be of significant
aid in the estimation of zonal trip productions and attractions. It
was also believed that the number of "employed persons per dwelling
unit" might be a better indicator of work trip production than "persons
per dwelling unit." In order to test this hypothesis, four sets of
regression equations were developed using, among the variables,
either "persons per dwelling unit" or "employed persons per dwelling
unit". The data used were from the comprehensive survey for the
ZZ zones which contained more than 125 dwelling units. There was
less than one per cent difference between the value of R , the coef-
ficient of determination, for each pair of equations. It was con-
cluded, therefore, that "employed persons per dwelling unit" was
no better indicator of work trip production than was "persons per
dwelling unit".
Due to the great variability among subsamples as well as the pro-
blems anticipated in gathering data on zonal characteristics in such
small areas, the estimation of productions was carried out using
zonal averages of such information as cars and persons per dwelling
unit, area of residential land per dwelling unit and distance to the
CBD in minutes. The development of the estimating equations was
carried out using the multiple regression technique in which the form
of an equation is estimated and the coefficient of each term is obtained
from the "least squares" best fitting curve. The measure of fit was
obtained as an output of the computer program used (l3).
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The SCRAP "Sixteen- twenty Card Regression Analysis Program, "
used in this research, is one of a number of such programs available
in most computing centers. It became apparent early in the investi-
gation that, for productions, as many as seven terms would probably
be required in the estimating equation. Seven zones would give only"
seven pieces of data and the computer program, in essence, was able
to pass a curve through each point represented by the data. This
situation does not allow one to predict, statistically, the goodness of
fit of the estimating equation to other zones one might consider.
After consultation with statisticians, it was decided that a minimum
of 14 zones (7 additional zones) would be required if a 7-term esti-
mating equation were to be used. Data from 14 zones, giving 14 pieces
of information, were judged to give a satisfactory statistical estimate
of the "predictive" power of the estimating equation. A minimum of
seven degrees of freedom was judged to be required.
Two sets of estimating equations of trip production were developed.
One was based upon zonal characteristics obtained from each of 22
zones as a result of sampling 20 per cent of the dwelling unites in
each zone. The 22 zones were those zones in which over 25 dwelling
units ,vere sampled. In essence, the 22 zones represented the
universe of zones which 'were of substantial size.
The second set of equations was based upon zonal characteris-
tics obtained from each of the previously mentioned 14 selected zones.
However, in this case, a sampling rate was established for each
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In order that the total number of non-home-based trip productions
could be estimated, non-home-based trips were treated precisely as
home-based trips. These "productions" represented only the number
of non-home trips made by the residents of each zone and did not
distribute the trips according to location of trip end. A regression
analysis, similar to the analysis used for home-based productions,
was made on these trips with the resulting equation, as expanded to
the entire area, giving the total number of non-home trip productions
or attractions. This number was later used in expanding the non-home-
based productions to this estimated total ( see the discussion concern-
ing estimation of non-home productions and attractions).
Selection of Reduced Samples
The selection of the reduced sample size in the 14 selected zones
was made in accordance with research conducted by Sosslau and
Brokke for the Bureau of Public Roads (l4).
In order to use Figure 4. it is necessary to estimate the number
of trips per zone and to select a root-mean-square (RMSl error that
is acceptable. One can then enter Figure 4 and select the appro-
priate rate of sampling.
A level of accuracy yielding an expected RMS error of zonal
trip production of fifteen per cent or less was agreed as acceptable. (
The estimation of trips produced per zone was made and, in this
* case, the city wide average was about five auto-driver trips per
dwelling unit. Where an estimate of this average is not available for
a city, studies of trip making characteristics of similar cities should
35
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FIGURE 4*
RELATION OF FERCENT ROOT-MEAN-SQUARE ERROR AND
VOLUME FOR VARIOUS DWELLING UNIT SAMPLE RATES
* Source: Reference (14)
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suffice for this estimate.
Figure 4 was entered with X, the estimated volume of trips in a
given zone, and the 15 per cent RMS error line indicated the mini-
mum percentage of dwelling units to be sampled in that zone. The
subsample was drawn from the O-D sample and was selected by a
computer program.
The subsample in Zone 12 was selected as follows:
1. Estimated Trips = 5 x 270 dwelling units = 1, 350.
2. Enter Figure 4 with 1, 350 and intersect the hori-
zontal 15 per cent RMS error line.
3. Read 1 5± per cent sample.
4. A 15 per cent sample is equivalent to 3/4 of a
20 per cent sample (the existing sample size).
5. The computer program was devised to select the
dwelling unit and trip cards for every n*-" sampled
dwelling unit and in this case a random selection
of a number from 1 to 4 was made to indicate the
starting sample and thereafter every fourth
"dwelling unit" sample was selected. This group
was discarded and the remaining 3/4 of the ori-
ginal 20 per cent sample was taken. The original
expansion factors were multiplied by the ratio of
the original number of sampled dwelling units to
the reduced number of sampled dwelling units and
this new expansion factor was placed in the dwell-
ing unit and trip cards for the "reduced samples".
Table 7 shows the sample size selected in each of the 14 zones.
Tables 8 and 9 show zonal characteristics for the 14 zones for
the full as well as the reduced sample, respectively.
Tables 10 and 11 show the trip attractions and non-home pro-
ductions per trip produced for the 14 zones for the full as well as
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ZONAL CHARACTERISTICS USED FOR TRIP PRODUCTION ESTIMATES
DATA FROM O-D FULL SAMPLE IN THE 14 SELECTED ZONES
Trips Per Dwelling Unit:
Cars Per Persons Per
Zone Dwelling Unit Dwel ling Unit Home -Work Home -Other Non-Home
12 .630 1.391 .283 1.130 .609
14 .905 2.660 1.342 2.025 1.048
16 .948 3.416 1.351 2.182 1.325
24 1.388 3.449 1.735 3.204 2.000
33 1.241 3.741 1.655 3.414 1 . 948
51 .986 2.844 1.174 1.965 1.008
53 .891 2.685 1.254 1.473 .673
57 1.245 3.000 1.453 2.171 1.566
59 1.039 2.932 1.398 2.049 .981
61 1.379 3.379 1.879 3.103 2.741
62 1.184 3.974 1.553 2.750 2.698
64 1.047 3.236 1.361 2.114 1.095
75 J .322 3.337 1.435 2.555 2.813
77 1.4 55 3.166 1 . 844 4.211 3.155
* Used only for estimation of total non-home trips
produced in the metropolitan study area.
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TABLE 9
ZONAL CHARACTERISTICS USED FOR TRIP PRODUCTION ESTIMATES
DATA FROM O-D REDUCED SAMPLE IN THE 14 SELECTED ZONES
Trips Per Dwelling Unit
Cars Per Persons Per
Zone Dwelling Unit Dwelling Unit Home -Work Home-Other Non-Home'
12 .629 1.371 .229 1.057 .486
14 .781 2.406 1.063 1.188 .438
16 .960 2.920 1.480 1.600 1.440
24 1.500 3.542 1.583 3.708 2.047
33 1.207 3.965 2.103 3.000 1.758
51 1.172 2.758 1.138 1.966 .828
53 .963 2.630 1.259 1.816 .741
57 1.038 2.923 1.115 2.462 1.846
59 1.000 2.885 1.385 2.930 1.115
61 1.276 3.207 1.827 2.551 3.600
62 1.160 4.200 1.920 2.560 2.342
64 .943 3.000 1.371 1.571 1.029
75 1.300 2.933 1.433 2.833 3.066
77 1.567 3.366 1.800 5.200 4.566
* Used only for estimation of total non-home trips
produced in the metropolitan study area.
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TABLE 10
TRIP ATTRACTIONS AND NON - HOME PRODUCTIONS FROM
0-D FULL SAMPLE DATA FROM THE U SELECTED ZONES
Trip Production
Zone Trip Attractions per Trip Produced per Ti•ip Produced
Home - Work Home - Other Non - Home Nc>n - Home
12 .319 .196 .252 .273
13 .037 .014 .024 .027
u .028 .029 .038 .037
15 .009 .005 .003
16 .010 .015 .011 .013
17 .008 .001 .002
18 .050 .015 .040 .041
19 .016 .018 .015 .014
20 .009 .001 .001
21 .001 .009 .002 .003
22 .002 .001 .001
23 .013 .002 .002 .004
24 .003 .006 .011 .008







.004 .001 .002 .002
31 .008 .004 .002 .003
32 .004 .003 .005 .004
33 .005 .020 .011 .014
34 .009 .024 .013 .014
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50 .074 .092 .077 .087
51 • 059 .083 .078 .072
52 .006 .003 .004 .004




Zone Trio Att:factions per Trip Produced per Trip Produced
Home - Work Home - Other Non - Home Non - Home
54 .001 .003 .002 .001
55 .012 .002 .005 .005
56 .010 .003 .003 .003
57 .004 .008. .013 .012
58 .004 .010 .009 .007
59 .013 .036 .027 .025
60 .014 .052 .028 .025
61 .025 .044 .027 .031
62 .004 .010 .021 .020
63 .027 .060 .046 .034
64 .010 .023 .019 .019
65 .036 .006 .013 .015
66 .043 .001 .005 .008
67 .004 .002 .003
68
69
.003 .003 .004 .005
70
71 .002 .003 .002 .001
72 .011 .005 .005 .004
73 .014 .023 .011 .014
74 .006 .019 .014 .013
75 .013 .016 .028 .023
76 .004 .016 .005 .007
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TRIP ATTRACTIONS AND NON - HOME PRODUCTIONS FROM
O-D REDUCED SAMPLE DATA FROM THE 14 SELECTED ZONES
Trip Production
Zone Trip Attrac:tions per Trip Produced per Trip Produced
Home - Work Home - Other Non - Home Non - Home
12 .368 .215 .282 .313
13 .034 .007 .025 .030
H .030 .024 .025 .028
15 .006 .005 .002
16 .005 .004 .008 .014
17 .006 .001 .003
18 .051 .008 .034 .034
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32 .007 .007 .006 .003
33 .007 .021 .009 .010
34 .004 .017 .010 .010
35
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50 .065 .091 .079 .104
51 .046 .093 .081 .062
52 .009 .004 .007 .009
53 .029 .089 .074 .057






























Home - Work Home - Other Non - Home
55 .022 .004 .005
56 .012 .005 .003
57 .004 .015 .005
58 .003 .005
59 .005 .038 .023
60 .018 .059 .027
61 .048 .038 .024
62 .009 .005 .020
63 .018 .055 .033
64 .006 .017 .017
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Figures 5, 6 and 7 show the trip length frequency distributions,
by purpose, for the 14 zones for both the full and reduced samples.
There were 402 dwelling units in the reduced samples in the 14
selected zones. The comprehensive O-D survey consisted of 1359
interviews obtained from a 20 per cent sample of dwelling units in
the same 14 zones.
The Development of Equations for
Estimating Zonal Attractions
The "SCRAP" regression analysis program ( 1 3) was used in
developing the estimating equations for trip attractions by trip
purpose.
There were two sets of equations developed for trip attractions:
One set was obtained using the attractions as distributed according
to the data from the reduced sample in the 14 selected zones. The
second set was obtained using data from the comprehensive O-D
survey and utilized data from all zones having 40 or more trips
attracted for each of the three purpose groupings.
For the first set of equations, even though trips produced by
only 14 zones were used, the attraction ends of the trips were dis-
tributed to a great many zones. For example, assume that 10,000
trips of a given purpose were produced by the 14 zones and of these,
say, 200 were attracted to Zone 1, 300 to Zone 4, 1,000 to Zone 12,
2, 000 to Zone 20, 1 , 500 to Zone 50 , etc. The total of all trips
attracted would be 10,000. The trips attracted to each zone were
divided by 10,000, the total of trips produced, giving a proportion
45
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of all trips attracted to a given zone. Thus Zone 1 would have 0.02
trips attracted per trip produced, Zone 4 would attract 0.0 3,
Zone 1Z would attract 0. 10, Zone 20 would attract 0. 20 and Zone 50
would attract 0. 15 trips per trip produced.
Based upon such zonal characteristics as various types of land
use in 1000 's of square feet, numbers of jobs of various classifica-
tions and total number of persons and dwelling units in the zone,
an equation was developed for each trip purpose that estimated the
trip attractions in the various zones. The dependent variable was
the number of trips attracted per trip produced.
A similar procedure was followed in developing equations based
upon the 20 per cent sample obtained in the O-D survey.
The estimating equation for the non-home productions was
developed in the same manner as that for trip attractions.
In the case of home-work attractions, it was discovered that
the best predictor of trips attracted was the total employment in a
zone. Since the "SCRAP" program would not handle a problem with
a single independent variable, the equation was developed using a
computer program which fitted a polynomial to the data by the method
of least squares.
The equation for trip attractions, along with non-home productions,
had to be multiplied by the total number of trips produced in the study
area in order to give total attractions per zone. Thus, zonal esti-
mates of trip attractions (and non-home productions) were the pro-
duct of two estiinates and in general were less satisfactory than
estimates of home-based productions.
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In the development of the estimating equations using the "SCRAP"
program it was necessary, in each case, to try various relationships
among the independent variables. In general, a linear relationship
was first tried, followed by more complex equations. The output
from each run was examined and those variables were deleted that
resulted in a relatively low loss in sum-of- squares when the
deletion was made. This rather crude method of selection of
variables worked well enough but may also have been partially re-
sponsible for the large number of runs on the computer that were
necessary to obtain the equations that were judged to be satisfactory.
The Development of Travel Time Factors
The calibration of the gravity model (Equation A, page 8 ) was
carried out using the three trip purposes: home-work, home-other
and non-home. The calibration consisted principally of the deter-
mination of travel time factors which resulted in a trip length fre-
quency distribution which satisfactorily compared with the trip
length frequency distribution of the surveyed population.
Two sets of travel time factors for each trip purpose were
determined. One set was determined using zonal productions and
attractions from the comprehensive O-D survey while zonal pro-
ductions and attractions obtained from the reduced sample size in
the 14 selected zones were used for the second set of travel time
factors. j
The gravity model formula as used requires input parameters
of zonal trip productions, attractions, travel time factors and zone-
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to-zone adjustment factors (see page 8). The zone-to-zone adjust-
ment factors were used as unity throughout this study because of no
apparent effect on travel patterns of defined zonal characteristics.
The travel times used for deternnination of the corresponding
travel time factors for use in the gravity model were made up of
the terminal time on each end of the trip plus the zone to zone driving
time. The zone to zone minimum driving time was obtained from
the "time trees 1 ' which were developed from travel-time study data.
The driving time for intrazonal trips (those trips with both ends in a
given zone) was not available from the time trees and was estimated
at one minute for each zone. The intrazonal time was chosen after
inspection of interzonal times for all adjacent zones. The interzonal
times of adjacent zones were, in all cases, slightly less than two
minutes. The maximum intrazonal time was also about two minutes
and a reasonable average time was believed to be one minute. Ref-
erence ( 1/ discusses other methods of determining intrazonal times.
The terminal time of one end of a trip may be made up of the
time spent in cruising for a parking space, the time spent waiting
before a vehicle can be parked and the time spent walking from the
parking place to the actual destination. The terminal time of the
other end of the trip may consist of the time spent walking from
home to garage or parking lot and the time from garage or parking
lpt onto the street system. The terminal times for the zones in
Hutchinson were estimated, initially, after consultation with person-
nel who were familiar with Hutchinson. The CBD, Zones 1Z, 13
and 50 (Figure 1 ), were each given terminal times of three
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minutes and each of the zones adjacent to the CBD was given a
terminal time of two and one-half minutes with each of the remain-
ing zones being given a terminal time of one and one-half minutes.
It was found that some changes in these terminal times resulted in
better trip end balance for some zones and some trip purposes.
Table 12 shows the final sets of terminal times used in the study.
The interzonal travel time between any two zones was made up
of the terminal time of the production zone plus the driving time
between the zones plus the terminal time of the attraction zone.
Intrazonal travel time for a given zone was made up of twice
the zonal terminal time plus the intrazonal driving time for that zone.
A set of travel time factors using the comprehensive O-D zonal
productions and attractions was developed as follows: An initial set
of travel time factors was assumed and the trip interchanges between
all zones were computed. The trip length frequency distribution of
the trip interchanges was determined by finding the number and the
percentage of trips falling in each one minute increment of driving
time. The estimated trip length frequency was then compared with
the actual trip length frequency distribution obtained from the O-D
data. The* comparison was made in three ways: First, both dis-
tributions expressed as per cent trips for each one minute driving
time should, when plotted, be relatively close to one another;
second, the average trip length, in minutes, for both t sets of data
should be within ±5 per cent of each other; and, third, the person
hours of travel for both sets of data should be within ±5 per cent
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TABLE 12





Home-Work Home - Other Non - Home
3.0
*
12, 13, 50 (None) 12, 13, 50
2.5 U, 15, 16,17,18,51,
52,53
(None) U, 15, 16, 17, 18,51,
52,53




1.5 All Others All Others All Others
* CBD zones
** Adjacent zones to CBD
*** Other highly developed zones
**** Relatively undeveloped zones
53
of each other (l). The average trip length was determined by multi-
plying the number of trips of each incremental trip length by the
length of trip (driving time) in minutes and dividing this product by
the total number of trips.
The vehicle hours of travel were obtained by multiplying the
number of trips of each incremental trip length by the length of
trip in minutes and dividing the product by 60.
Computer programs* were written to determine the trip
length distributions as well as the average trip length and vehicle
hours of travel.
If the comparisons were not within the limits cited above, then
an adjustment was made in the initially assumed set of travel time
factors for each trip purpose. The travel time factors were ad-
justed manually by a procedure which follows from the question:
"What must be done to the travel time factor at each travel time
increment to bring the gravity model estimated percentage of trips,
in each travel time increment, into closer agreement with the sur-
veyed trips at each increment ? " The actual adjustment was made
for each travel time increment by multiplying the initial travel time
factor for each increment by the ratio of the percentage of surveyed
trips to the percentage of estimated trips for the respective time
increments. The adjusted travel time factors (for each one minute
of travel time) were then plotted against the respective travel time
increments on log-log graph paper in most cases and straight-line
graph paper in others. The second set of travel time factors was
* See Appendix B
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then determined from a hand-fitted line of best fit to the adjusted
factors. The gravity model was then run using the second set of
travel time factors and the comparisons of trip length frequency, etc.
were repeated. 'This process was continued until satisfactory agree-
ment among the comparisons was reached.
In the case of home-work trips 12 sets of adjustments were
required before acceptable agreement was reached. Better estimates
of initial travel time factors would have resulted in fewer iterations
being required. This was graphically illustrated in the case of
home-other trips when the Iowa travel time factors (9, 16) shown
in Table 13 were used for the initially estimated factors and re-
quired only four iterations. In addition, much time was spent in
adjusting to the trip length frequency curve. The researcher is
of the opinion that if two-minute increments of travel time had been
used satisfactory results would have been obtained much more quickly.
The second set of travel time factors was developed in a manner
similar to that explained above with the exception that productions
and attractions obtained from data from the 14 zones with the reduced
sample size were used. The trip length frequency, average trip
length and vehicle hours of travel, against which comparisons were
made, were those .resulting from the O-D data obtained from the
reduced sample size in the 14 zones. The Iowa travel time factors
(9, 16) were used as the first estimate of the factors used for each
trip purpose. From three to seven iterations were necessary to
arrive at acceptable factors. The computer time was much reduced
because of the great reduction in number of trips to be distributed.
55
TABLE 13
CEDAR RAPIDS (IOWA) TRAVEL TIME FACTORS*






Non Home Other Home Non Home Other Home
(Min.) Work Based Based (Min.) Work Based Based
1 2.00 3.00 5.00 28 0.33 0.07 0.10
2 2.00 2.25 3.66 29 0.31 0.06 0.09
3 2.00 1.80 2.20 30 0.29 0.05 0.08
4 1.50 1.40 1.45 31 0.27 0.04 0.06
5 1.25 1*15 1.20 32 0.25 0.03 0.04
6 1.10 1.00 1 .00 33 0.23 0.02 0.03
7 1.00 0.90 0.90 34 0.21 0.01 0.02
8 0.93 0.80 0.80 35 0.19 0.01 0.01
9 0.87 0.70 . 0.70 36 0.17
10 0.84 0.62 0.62 37 0.15
11 0.80 0.56 0.56 38 0.14
12 0.76 0.49 0.50 39 0.13
13 0.72 0.43 0.45 40 0.12
14 0.68 0.38 0.41 41 0.11
15 0.64 0.34 0.38 42 0.10
16 0.61 0.30 0.35 43 0.09
17 0.58 0.27 0.32 44 0.08
18 0.55 0.24 0.30 45 0.07
19 0.52 0.22 0.27 46 0.06
20 0.49 0.20 0.25 47 0.05
21 0.47 0.18 0.23 48 0.04
22 0.45 0.16 0.21 49 0.04
23 0.43 0.14 0.19 50 0.04
24 0.41 0.12 0.17 51 0.03
25 0.39 0.10 0.15 52 0.03
26 0.37 0.09 0.13 53 0.02
27 0.35 0.08 0.11
"Source: Ref. (9, 16]
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Figures 8, 9, and 10 show the comparison of trip length distributions
as obtained for the 14 zone, reduced sample O-D data versus the
model distribution using the second set of travel time factors.
Table 14 shows the best set of travel time factors developed
in each case.
Figures 11. 12 and 13 shov/ a graphical comparison of travel
time factors developed.
The trip length frequency data were developed on the basis of
driving time rather than travel time. An examination of the com-
putational procedures indicates that with little difficulty the distri-
bution could have been made on the basis of travel time, provided
that terminal times were introduced as input data.
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Home - Work Home - Other Non - Home
(Min.)
F.S.* R.S.** F.S.* R.S.** F.S.* R.S.**
4 2.78 2.12 1.74 2.70 1 .40 3.00
5 2.40 1.70 1.22 1.84 1.15 2.25
6 2.20 1.41
.94 1.23 1.00 1.80
7 1 .97 1.20 .78 • 91 • 90 1 .40
8 1.78 1 .06 .65 .68 .80 1.15
9 1.58 • 93 .56 • 51 .70 1 .00
10 1.43 .84 • 49 • 41 .62 .90
11 1.32 .76 .43 • 34 .56 .80
12 1.20 .70 .39 .28 • 49 .70
11 1.12 .65 .35 .23 • 43 .62
u 1 .04 .60 .32 .19 .38 .56
15 • 96 .56 .30 .17 .34 .49
16 • 90 .53 .28 • U .30 .43
17 .85 .49 .25 .12 .27 .38
18 .80
.46 • 23 .11 • 24 • 34
19 .76




.43 .20 .09 .20 .27
* F.S. - Model Input: Full Sample 0-D Productions-Attractions, All zones
** R.S. - Model Input: Reduced Sample 0-D Productions-Attractions,
14 zones
Note: No travel time of less than four
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Estimates of Trip Production and Attraction
The estimating equations for trip productions and attractions as
developed using the regression analysis technique are shown in
Tables 15 and 16. The coefficients of correlation, as obtained from
the "SCRAP" regression analysis program are shown in Table 17.
The squared correlation coefficient or coefficient of determina-
tion, R , is a measure of the amount of variation about the mean
that the estimating equation explains. It was found, however, that
although many of the R 2 values were quite high, that this coefficient
did not necessarily indicate the predictive power of the various
equations. For the same data, however, higher values of R 2 did
indicate better predictive power of the form of equation being used.
A more meaningful statistical test of the estimating power of the
equations was felt to be the calculation of root-mean- square (RMS)
errors. The RMS error for each equation was computed by summing
the squares of the differences between the estimated and surveyed
values of production or attraction and dividing the total squared
differences by the number of zoned productions or attractions and
finding the square root of the quotient.
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TABLE 17

















































/1 See Table 15 or 16 for the form of the equation
/2 Not determined, equation developed in "polynomial best fit" program.
See Table 18for RMS error comparisons.
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RMS error = / ^
Where
Y = Surveyed value
Y = Value estimated from regression equation
est
N = Number of values.
The RMS error indicates the limits within which about two-thirds
of the deviations between the observed and the estimated values will
fall. The RMS errors, shown in Table 18, for the developed estimat-
ing equations were smallest, in each case, when the regression
equation was based upon data obtained from the comprehensive O-D
survey. The recorded RMS error, in most cases, appears to be
reasonable when one considers that this is equivalent to stating that
two-thirds of the time the estimated zonal productions or attractions
can be expected to be within one RMS error of the actual value. The
estimating power of equations 6, 8, 10 and 12 were much improved
when O-D survey productions were used to expand to zonal values. A
plot of the estimated values versus O-D values of zonal productions
or attractions provided an excellent graphical portrayal of the "good-
ness of fit" of the estimating equations. Figures 14 through 25 show
the comparison of O-D trips per zone by purpose, to the estimated
zonal trips as obtained from equations 1 through 12. If the esti-'
mated value was equal to the O-D value, the plotted point fell on the
"45° line". The plot of the "O-D value ± RMS error" versus the O-D
value would indicate a band within which one would expect the esti-
mated values to fall about 2/3 of the time.
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TABLE 18
RMS ERRORS OF ESTIMATING EQUATIONS
Equatior/-'-
Average Trips





2 297 118 40
3 545 137 25
4 545 171 31
5 306 71 23
6^ 306 218 71
6^ 307 146 48
7 219 39 18
8^ 219 88 40
9 452 208 51
io£ 411 208 51
11 297 65 22
l2 /2 306 220 72
12 Za 306 162 53
/1 See Table 15 or 16 for the form of the equation
/2 Using estimated total non-home productions to expand to zonal totals
/3 Using 0-D total non-home productions to expand to zonal totals
I'
L
% RMS error =100 (RMS error)/average trips per zone
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COMPARISON OF NON-HOME TRIPS PRODUCED (EQUATION NO. 6)
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Tables 19 through 25 show both the estimated and the O-D values
of trip production and attraction by zone and district. The districts
were zone groupings used in the analysis of the distribution of trips
by the model.
Gravity Model Distribution
As noted, two sets of travel time factors were developed. One
set, Fj , was based upon the O-D productions, attractions and trip
length frequency distribution as obtained from the comprehensive O-D
data in all zones and the other, F 2 , was based upon productions,
attractions and the trip length frequency distribution obtained from
the reduced sample in the 14 selected zones. Table 14 shows the
developed travel time factors. The trip distribution of the model
was analyzed using the following four combinations of model
parameters:
Combination 1: O-D productions, attractions, and
travel time factors, F r
Combination Z: O-D productions, attractions, and
travel time factors, F2 .
Combination 3: Estimated productions, attractions,
and travel tiine factors, F]
.
Combination 4: Estimated productions, attractions,
and travel time factors, F 2 .
Screenline Comparison
Seven "screenlines" were chosen for a comparison of screenline
crossings using the O-D data and the crossings obtained from the
gravity model with the various combinations of parameters.? The
location of the various screenlines is shown in Figure 1.
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TABLE 19
COMPARISON OF HOME-WORK TRIP PRODUCTION AND ATTRACTION




















Production Attraction Production Attraction
0-D Est. 0-D Est. 0-D Est. O-D Est.
1 12 69 78 5688 5675 8 15 230 251 25 56
~T3 26 29 751 715 16 531 517 233 243
50 47 - 1346 1321 20 - - 141 102




2 61 548 494 368 304 26 - - 10 20
62 596 622 104 89 27 74 62 10 42
70 - - - 20 28 64
'
42 30 25
Sub-Tot 1144 1116 472 413 47 - - 31 20
Sub -Tbt 899 87 2 495 562
3 14 880 812 403 428






4 23 10 5 269 276 32 55 101 71 103
24 434 439 25 44 33 477 461 71 83
64 734 687 156 195 34 36 - 137 164










5 4 8 10 - - 20 37 - - - 20
49 - - - 20 38 - - 5 26
68 - - 134 116 39 31 69 - 34
88 5 - - 20 40 15 - 217 228
89 5 - - 21 41 - - - 24
90 - - - 20 42 92 155 - 33
91 - - 22 43 10 - - 25
92 35 - - 30 44 10 - - 25
93 20 - 5 27 45 92 71 10 27
94 10 - 22 37 46 10 - - 20
Sub-Tot 85 - 161 333 iub-Tot 888 942 827 1209
6 59 756 750 222 208 10 17 67 89 193 211
60 1627 1449 250 235 18 337 323 741 716
73 - - 441 285 52 - 38 119 133
74 934 1103 206 159 54 112 175 36 20










7 76 405 415 106 108 78 56 112 - 35
77 857 745 140 106 lub-Tot 797 1005 1414 1493
81 34
, 5 33
82 - - - 21 11 53 1068 913 502 514
83 41 - 5 28 iub- tot 1068 913 502 514














Production Attraction Production Attraction
0-D Est. 0-D Est. HQ O 0-D Est. 0-D Est.
12 71 273 165 31 39 15 29 _ _ 11 25
~7 2 86 78 155 98 65 116 101 592 703
84 102 - 5 28 66 - - 816 935
85 51 13 96 115 67 139 80 88 77
86 - - 21 42 69 - - - 90
87 104 38 76 87 Sub -Tot 255 181 1669 2044
Sub-Tot 616 294 384 409
16 75 931 1006 272 204
13 19 546 556 286 218 79 61 71. 11 40
63 1552 1556 525 600 80 - - - 24
Sub-Tot 2098 2112 811 818 Sub -Tot 992 1077 283 268
14 51 1460 1709 938 886 17 57 400 429 92 132
Sub-Tot 1460 1709 938 886 58 578 677 83 94
Sub -Tot 978 1106 175 226
15 25 - - 162 214
Total 18134 17839 18144 19012
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TABLE 20
COMPARISON OF HOME-WORK TRIP PRODUCTION AND ATTRACTION












Production Attrac.tion Produc.tion Attraction
0-D Est. 0-D Est. O-D Est. O-D Est.
1 12 69 57 5688 5739 8 15 230 572 25 58
~~I3 26 76 751 724 16 531 659 233 247
50 47 32 1346 1337 20 - - 141 104
Sub -Tot 142 165 7785 7800 21 - - 15 32
22 - - - 25
2 61 548 485 368 309 26 - - 10 22
62 596 7 34 104 91 27 >4 69 10 43
70 - - - 22 28 64 56 30 26




3 14 880 855 403 434
Sub -Tot 880 855 403 434 9 30 - - 52 73
31 - - 119 124
4 23 10 10 269 280 32 55 86 71 105
24 434 426 25 46 33 477 536 71 86
64 734 838 156 199 34 36 - 137 167
Sub-Tot 1178 1274 450 525 35 35 28 134 170
36 25 36 11 39
5 48 10 - - 20 37 - - - 22
49 - - - 22 38 - 65 5 27
68 - - 134 119 39 31 - - 35
88 5 - - 22 40 15 - 217 232
89 5 - - 23 41 - - - 25
90 - - - 22 42 92 121 - 34
91 - - 24 43 10 - - 26
92 35 - - 32 44 10 - - 26
93 20 - 5 28 45 92 90 10 28
94 10 - 22 39 46 10 - - 22
Sub-Tot 85 - 161 351 Jub-Tot 888 962 827 1241
6 59 756 743 222 211 10 17 67 205 193 215
60 1627 1098 250 239 18 337 765 741 725
73 - - 441 289 52 - 62 119 136
74 934 909 206 162 54 112 204 36 22
Sub-Tot 3317 2750 1119 901 55 48 22 171 188
56 177 159 154 196
7 76 405 447 106 111 78 56 56 - 36
77 857 742 140 108 Sub-Tot 797 1473 1414 1518
81 34 - 5 34
82 - - - 23 11 53 1068 1040 502 521
83 41 - 5 30 Sub-Tot 1068 1040 , 502 521
















Reduced Samp 1 e
Production Attract ion Production Attraction
r-l oQ ro 0-D Est. 0-D Est. •H OQ t 1 0-D Est. 0-D Est.
12 71 273 324 31 41 15 29 _ _ 11 26
7 2 86 141 155 100 65 116 132 592 712
84 102 166 5 30 66 - - 816 94
85 51 119 96 118 67 139 124 88 79
86 - - 21 43 69 - - - 92
87 104 118 76 89 Sub-Tot 255 256 1669 1217
Sub-Tot 616 868 384 421
1.6 7 5 931 1059 272 208
13 19 546 784 286 222 79 61 52 11 42
63 1552 1556 525 608 80 - - - 25
Sub-Tot 2098 2340 811 830 Sub-Tot 992 1111 283 275
14 51 1460 1671 938 898 17 57 400 392 92 135
Sub-Tot 1460 1671 938 898 58 573 640 83 96
Sub-Tot 978 1032 175 231
15 25 - - 162 214
Total 18134 19561 18144 13470
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TABLE 21
COMPARISON OF HOME-OTHER TRIP PRODUCTION AND ATTRACTION












Production Attraction Production Attraction
0-D Est. 0-D Est. 0-D Est. 0-D Est.
1 12 277 232 6231 6223 8 15 558 481 240 238
~
T3 117 66 500 679 If 859 723 379 377
50 142 - 2853 2848 2C - 15 27
iub-Tot 536 298 9584 9750 21 - 241 279
22 - 88 133
2 61 905 960 1533 1303 26 - 25 -
62 1055 1136 263 309 27 135 145 20 138
70 - - - - 21 no 101 75 20
Jub-Tot I960 2096 1796 1612 47 - - 10 -
Sub-Tot 1662 1450 1093 1212
3 14 1326 1488 988 999
iub-Tot 1326 1488 988 999 9 30 - - 41 -
31 - - 100 295
4 23 15 8 41 - 32 175 177 102 134
24 803 846 195 226 33 985 841 414 370
64 1138 1045 692 652 34 25 - 697 610
!ub-Tot 1956 1899 928 878 35 90 12 175 194
36 76 111 25 18
5 48 - - - - 37 - - - -
49 - - - - 38 - 104 65
68 - - 113 - 39 81 133 56 25
88 16 - 98 537 40 5 - - -
89 45 - 5 - 41 - - -
90 - - 15 202 42 127 334 5 20
91 - - 16 - 43 10 - - -
92 55 - 21 - 44 20 - - -
93 - - - - 45 122 166 15 6
94 30 - - 129 46 15 - 5 -
iub-Tot 146 - 268 868 Sub-Tot 1731 1774 1739_ 1737
6 59 1116 1110 1432 1384 10 17 189 81 48 57
60 2888 2344 1568 1468 18 447 564 47 6 521
73 - - 753 637 52 112 50 102 37
74 2073 2022 648 658 54 244 326 109 178
iub-Tot 6077 547 6 4401 4147 55 116 163 79 169
56 298 295 46 55
7 76 982 1024 471 450 7£ 102 283 123 -
77 1956 1594 914 873 Sub-Tot 1508 1762 983 1017
81 15 - 25 -
82 - - - - 11 53 1259 1272 1808 1806
83 10 - 10 - Sub -Tot 1259 1272 1808 1806














E u 1 1 5 ampie
Production Attraction Product ion Attraction
•H O 0-D Est. 0-D Est. H
c
0-D Est. 0-D Est.
12 71 300 645 140 92 15 29 - - - -
7 2 364 235 187 207 65 223 217 254 208
84 200 247 73 48 66 - - 16 -
85 204 256 72 9 67 95 22^ 16 14
86 - - 16 64 69 - - - -
87 174 242 127 "53 Jub-•Tot 318 441 291 222
Sub-Tot 1242 1625 615 473
16 75 1648 1946 514 530
13 19 1164 1179 444 461 79 20 178 10 -
63 2252 2406 1976 1976 80 - - - -
Sub -Tot 3416 3585 2420 2437 Jub-•Tot 1668 2124 524 530
14 51 2451 2622 2374 2393 17 57 597 736 197 354
Sub -Tot 2451 2622 2374 2393 58 811 1038 204 328
jub-Tot 1408 1774 401 682
15 25 - - 5 -
Total 31627 32304 31633 32086
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TABLE 22
COMPARISON OF HOME -OTHER TRIP PRODUCTION AND ATTRACTION













Prodi. c t i o n Ai traction Produ ction Attraction
0-D Est. 0-D Est. 0-D Est. 0-D Est.
1 12 277 268 6231 7008 8 15 558 450 240 145
~~~13 117 63 500 449 16 859 674 379 314
50 142 148 2853 2949 $0 - - 15 44
Sub -Tot 536 479 9584 10406 21 - - 241 249
22 - - 88 39
2 61 905 960 1035 1009 26 - - 25 -
62 1055 1070 263 255 27 135 172 20 129
70 - - - - 28 110 104 75 43
iub-Tot 1960 2030 1298 1264 47 - - 10 -
Sub-Tot 1662 1400 1093 963
3 14 1326 1023 988 839
iub-Tot 1326 1023 988 839 9 30 - - 41 -
31 - - 100 489
4 23 15 37 41 - 32 175 156 102 184
24 803 892 195 120 33 985 883 414 342
64 1138 1183 692 637 34 25 - 697 556
Iub-Tot 1956 2112 928 757 35 90 25 175 124
,
36 76 78 25 8
5 48 - - - - 37 - - - -
49 - - - - 38 - - 104 70
68 - - 113 - 39 81 142 56 34
88 16 - 98 465 40 5 - - 4
89 45 - 5 3 41 - - - -
90 - - 15 184 42 127 351 5 8
91 - - 16 - 43 10 - - 2
92 55 - 21 18 44 20 - - 6
93 - - - 6 45 122 195 15 27
94 30 - - 129 46 15 - 5 2
Jub-Tot 146 - 268 805 Sub-Tot 1731 1830 1739 1856
b 59 1116 1097 1432 1165 10 17 189 65 48 10
60 2888 2151 1568 1662 18 447 537 476 399
73 - - 753 675 52 112 27 102 5
74 2073 2062 648 612 54 244 328 109 121
Sub-Tot 6077 5310 4401 4114 55 116 62 79 203
56 298 317 46 103
7 76 982 1218 471 400 78 .. 102 285 123 9
77 1956 1817 914 848 Sub -Tot 1508 1621 983 850
81 15 - 25 11
82 - - - 8 11 53 1259 1335 1808 2912
83 10 - 10 - Sub-Tot 1259 1335 1808 2912
Jub-Tot 2963 3035 1420 1267
TABLE 22 (Cont.)
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0-D Est. 0-D Est. 0-D Est. 0-D Es t
.
12 71 300 671 140 117 15 29 - - - -
-72 364 334 187 163 65 223 254 248 75
84 200 351 73 60 66 - - 16 -
85 204 351 72 35 67 95 236 16 41
86 - - 16 69 69 - - - -
87 174 351 127 78 Sub -To! 318 490 285 116
Sub-Tot 1242 2058 615 522
16 75 164S 2168 514 768
13 19 1164 1034 444 371 79 20 184 10 5
63 2252 2341 1976 1797 80 - - - -
Sub-Tot 3416 3375 2420 2168 Sub -Tot 1668 2352 524 773
14 51 2451 2228 2374 3062 17 57 597 783 197 346
Sub-Tot 2451 2228 2374 3062 58 811 1147 204 283
Sub
-Tot 1408 1930 401 629
15 25 - - 5 -
Total 31627 32608 31129 33303
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TABLE 23
COMPARISON OF NON-HOME TRIP PRODUCTION AND ATTRACTION










Production Attraction Production Attraction
Q 0-D Est. 0-D Est.
•H O
a t-j 0-D Est. 0-D Est.
1 12 5754 5756 5252 5253 8 1* 118 158 154 169
~ 13 641 615 625 526 16 267 198 211 177
50 1942 1797 1658 1586 20 31 9 42 _
Sub-Tot 83.37 8168 7535 7365 21 52 - 47 _
22 15 - 20 _
2 61 740 468 652 460 26 5 - 5 _
62 277 123 277 144 27 25 11 25 35
70 - - - - 28 10 11 10 27
Sub-Tot 1017 591 929 604 47 - - - _
Sub-Toi 523 387 514 408
3 14 699 745 732 814
Sub -Tot 699 745 732 814 9 30 31 - 46 46
31 57 78 47 91
4 23 72 44 52 62 32 71 118 91 126
24 108 67 160 118 33 180 273 180 257
64 283 223 309 292 34 265 117 245 118
iub-Tot 463 334 521 472 35 127 98 154 113
36 26 - 21 11
5 48 - - - - 37 - - - _
49 - - - - 38 10 - 15 _
68 99 81 88 93 39 5 5 15 31
83 26 - 36 - 40 52 55 31 109
89 5 - 10 - 41 - - _ _
90 10 - 15 - 42 31 34 26 68
91 - - 5« - 43 - _ _ _
92 5 - 15 23 44 - - _ _
93 - - - - 45 41 28 66 43
94 5 - 5 - 46 - - - _
,ub-Tot 150 81 174 116 Sub-ToL 396 806 937 1013
6 39 540 527 638 590 10 17 102 71 67 33
60 606 628 663 702 18 836 366 814 812
73 340 447 303 398 52 82 131 76 93
74 509 559 545 591 54 36 63 47 37
Sub-To 1995 2161 2154 2281 55 77 142 83 150
56 67 123 88 117
7 75 230 299 183 232 78 36 - 20 27
77 493 418 658 438 Sub-Tot 1236 1401 1L95 1269
81 20 - 20 4
82 5 - 5 - 11 53 938 1091 1051 1138
83 5 - - 8 Sub-Tot 938 1091 1051 1138














Production Attraction Produc tion Attraction
H OQ SI 0-D Est. 0-D Est. Q
oM 0-D Est. 0-D Est.
12 71 47 149 • 47 140 15 29 5 - 5 -
-72 103 88 134 67 65 366 324 341 281
84 20 37 36 4 66 140 399 107 313
85 52 138 67 125 67 76 93 61 92
86 5 - 11 3 69 - - -
87 20 83 25 92 ;ub-•Tot 639 816 5 56 636
Sub -Tot 247 495 320 431
16 75 374 339 363 414
13 19 304 326 342 349 79 31 - 26 23
63 999 1062 1251 1283 80 - - - -
Sub-Tol 1303 1388 1593 1632 >ub--Tot 405 339 389 437
14 51 1433 1340 1528 1461 17 57 162 232 172 265
oub-Tot 1433 1340 1528 1461 53 214 278 24 6 29o
>ub-Tot 376 510 418 561
15 25 52 - 42 -
Total 21410 21370 21412 21420
97
TABLE 24
COMPARISON OK NON-HOME TRIP PRODUCTION AND ATTRACTION












Production Attract i on Production Attraction
o o 71 O
O 0-D E s t
.
0-D ii s t
.
Q 0-D Est. 0-D Est.
] I? 5754 7374 5232 664 7 8 13 118 93 154 173
" 13 641 706 625 537 16 267 257 211 216
50 L942 2162 1658 1674 20 31 21 42 -
!ub-Tol 8337 L0242 7535 8858 21 52 - 47 -
22 15 - 20 -
2 6
1
740 572 652 508 26 5 - 5 -
62 277 93 277 165 27 25 11 25 9
70 - - - - 28 10 11 10 15
lub-Tot 1017 667 929 673 47 - - - -
Sub-Tot 523 395 514 413
J 14 699 804 732 930
lib-Tot 699 804 732 930 9 30 31 - 46 -
3L 57 21 47 ' 9
l 23 72 38 52 S 32 71 99 91 103
' 108 132 160 178 33 180 323 180 303
,,/, 233 166 309 263 34 265 75 245 96
nl> - - 'i i ( i \ 136 521 449 33 127 34 154 32
36 26 - 21 -
49 - - - - 38 L0 _ 15 _
1942 2162 1658 1 674 39 5 5 15 31
26 - 36 - 40 52 38 31 60
89 '•> - 10 - 41 - - - -
'JO 10 - 1 5 - 42 31 35 26 25
'J I
- - i - 43 - - -
I i - 13 2 j 44 - - - -
- - - - 45 41 28 66 39
94 j - 1 - 46 - - - -
jil'- i i ii 199 3 2162 1744 1697 jub-Tot 896 658 937 743
6 59 540 533 638 571 L0 17 102 81 67 _
60 'i 69 668 716 18 836 953 814 883
73 ; v0 483 303 353 52 82 142 76 7 6
309 5 28 545 394 54 36 114 47 36
iib-Tot 2013 2154 2 234 55 77 142 83 109
56 •67 116 38 201
7 7'» 230 429 183 349 78 36 - 20
77 49 3 471 658 V..; Sub-Tot 1236 1548 1195 1310
81 20 - 20 4
32 5 - 5 - 11 53 938 1235 1051 1322
3 •- - 8 Sub-Tot 938 L235 1051 1322






















Production Attraction Product ion Attraction
0-D Est. 0-D Est. 0-D Lot. 0-D Est.
12 71 47 169 47 203 13 39 5 - 5 -
—72 103 142 134 75 65 366 379 341 354
84 ' 20 80 36 50 66 • 140 534 107 453
85 52 159 67 163 6/ 76 79 61 109
86 5 - 11 - 69 - - - -
87 20 84 25 93 Sub -Tot 639 992 351 916
Jub-Tot 247 634 320 586
lb 75 374 226 363 360
13 19 304 343 342 361 79 31 - 26 -
63 999 830 1251 952 80 - - - -
Stii-Tot 1303 1173 1593 1313 jub -Tot 405 226 389 360
14 51 1433 1394 1528 1915 17 57 162 276 172 281
iib-Tot 1433 1394 1528 1915 58 214 323 246 316
Sub
-Tot 376 599 418 597
15 25 52 - 42 -
Total 23253 25978 22977 25140
TABLE 25
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COMPARISON OF NON-HOME TRIP PRODUCTION AND ATTRACTION







Reduct d Sampl e (Adjusted)*
District
Zone
Reduced Samp L e (Adju sted)*
Production Attraction Production Attraction
0-D Est. 0-D Est. 0-D Est. 0-D Est.
1 12 5754 6706 5252 6045 8 15 118 86 154 157
~T3 641 642 625 488 16 267 234 211 196
50 1942 1966 16 58 1522 20 31 19 42 -
Sub-Tot 8337 9314 7535 8055 21 52 - 47 -
22 15 - 20 -
2 61 740 520 652 462 26 5 - 5 -
62 277 86 277 150 27 25 - 25 8
70 - - - - 28 10 - 10 14
sub-Tot 1017 606 929 612 47 - 1- - - -
Sub-Tot 523 339 514 375
3 14 699 731 732 846
sub-Tot 699 731 732 846 9 30 31 - 46 -
31 57 19 47 "8
4 23 72 35 52 7 32 71 90 91 94
24 108 120 160 162 33 180 294 180 276
64 283 151 309 239 34 265 68 245 87
sub-Tot 463 306 521 408 35 127 31 154 75
36 26 - 21 -
5 4 8 - - - - 37 - - - -
49 - - - - 38 10 - 15 -
68 99 19 88 38 39 5 - 15 4
88 26 - 36 - 40 52 35 31 55
89 5 - 10 - 41 - - - -
90 10 - 15 - 42 31 32 26 23
91 - - 5- - 43 - - - -
92 5 - 15 - 44 - - - -
93 - - - - 45 41 - 66 35
94 5 - 5 - 46 - - - -
Sub-Tot 150 19 174 38 Sub-Tot 896 569 937 657
6 59 540 485 638 519 10 17 102 74 67 _
60 606 427 668 651 18 836 867 814 808
73 340 439 303 321 52 82 129 76 69
74 509 480 545 540 54 36 104 47 33
sub-Tot 1995 1831 2154 2031 55 77 120 83 99
56 67 105 88 183
7 76 230 390 183 317 78 36 - 20 -
77 493 428 658 417 Sub-Tot 1236 1399 1195 1192
81 20 - 20 -
82 ' 5 - 5 - 11 53 938 1123 1051 1202
83 5 - - - Sub-Tot 933 1123 1051 1202
















Reduced Samp! Le (Adju .,i,<1)
Production Attraction Production Attract Lon !
0-D Est. 0-D Est. 0-D Eat. 0-D Ei f
.
12 71 47 154 47 185 15 29 5 - 5 -
-
—
72 103 129 134 68 65 366 345 341 322
84 20 73 36 45 66 140 486 107 412
85 52 145 67 148 67 7 6 72 61 99
86 5 - 11 - 69 99 - 88 -
87 20 76 25 86 Sub -Tot 738 903 644 839
Sub-Tot 247 577 320 532
16 75 374 206 363 327
13 19 304 312 342 328 79 31 - 26
63 999 755 1251 866 80 - - ' - -
Sub -Tot 1303 1067 1593 1194 Sub -Tot 405 206 389 327
14 51 1433 1268 1528 1742 17 57 162 251 172 256
Sub-Tot 1433 1268 1528 1742 58 214 294 246 287
Sub
-Tot 376 545 418 543
15 25 52 - 42 6
Total 21509 21621 21500 7 i 3 ? 1
i
* 0-D total non-home productions and attractions were used to exp




Crossings of screenline 6 showed the largest per cent difference;
however, the number of trips crossing the line was very small
making it difficult to obtain a close agreement, percentage wise. It
is believed, however, that this did indicate some geographical bias
in the model and could probably have been remedied by increasing the
terminal times in the zones south of screenline 6 or by applying zone
to zone "k" factors. The total number of trips, however, involved
did not appear to warrant such adjusting procedures. Tables 26
through 29 compare the various screenline crossings.
Trip Length Comparison
It was felt that the comparison of the total amount of travel and
average trip length as obtained from the various model distributions
would serve as measurements of the adequacy of the model.
Figures 26 through 37 show the trip length frequency distribution,
by purpose, of the O-D data versus the various model configurations.
These comparisons show a very close agreement of the model and
O-D data.
The comparisons of the average length of trip in minutes and
total vehicle hours of travel are shown in Tables 30 and 31 and also
indicate close agreement. The comparisons of the average length
of trip in miles and total vehicle miles of travel are shown in
Tables 32 and 33 and again indicate close agreement.
Since there were few diagonal streets in Hutchinson, the distance,
in miles, between zone centroids was measured by determining the
"L" distance (sum of map coordinate differences) and the total
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FIGURE Tl
COMPARISON OF TRIP LENGTH FREQUENCY USING 0-D AND MODEI DATA
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I- I CURE 28
COMPARISON OF TRIP I ENGTH FREQUENCY USING 0-0 AN MU
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FIGURE 29
COMPARISON OF TRIP LENGTH FREQUENCY USING O-D AND MODEL DATA
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COMPARISON OF TRIP LENGTH FREQUENCY USING 0-D AND MODEL DATA
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COMPARISON OF TRIP LENGTH FREQUENCY USING O-D AND MODEL DATA
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COMPARISON OF TRIP LENGTH FREQUENCY USING O-D AND MODEL DATA
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COMPARISON OF TRIP LENGTH FREOLENCY USING O-D AND MODEL DATA
HOME -OTHER TRIPS - COMBINATION 3 PARAMETERS
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FIGURE 34
COMPARISON OF TRIP LENGTH FREQUENCY USING O-D AND MODEL DATA
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COMPARISON OF VEHICLE HOURS OF TRAVEL AND AVERAGE
TRIP LENGTH FROM 0-D AND MODEL DATA USING TRAVEL





























Home-Work 1831 6.06 1823 6.03 1970 6.01
Home-Other 2584 4.91 2610 4-95 2845 5.22
Non-Home 1597 4.48 1657 4-64 1823 4.60
* Average Trip Length in Minutes/Trip
TABLE 31
COMPARISON OF VEHICLE HOURS OF TRAVEL AND AVERAGE TRIP LENGTH FROM
0-D AND MODEL DATA USING TRAVEL TIME FACTORS FROM THE U SELECTED




























Home-Work 1831 6.06 1842 6.09 2028 6.18
Home-Other 2584 4-91 2627 4.98 2855 5.24
Non-Home 1597 4.48 1657 4.64 1823 4.60
* Average Trip Length in Minutes/Trip
TABLE 32
COMPARISON OF VEHICLE MILES OF TRAVEL AND AVERAGE
TRIP LENGTH FROM O-D AND MODEL DATA USING TRAVEL






























Home -Work 35331.6 1.946 35325.6 1.947 38327.3 1.948
Home-Other 48248.2 1.527 49193.3 1.552 54894.9 1.680
Non-Home 30755.6 1.438 30630.7 1.431 33731.9 1.419
* Average Trip Length in Mi. /Trip
TABLE 33
COMPARISON OF VEHICLE MILES OF TRAVEL AND AVERAGE TRIP LENGTH FROM
0-D AND MODEL DATA USING TRAVEL TIME FACTORS FROM THE 14 SELECTED



























Home -Work 35331.6 1 .946 35765.0 L.971 40007.6 2.033
Home-Other 48248.2 1.527 49454.6 1.563 54882.0 1.679
Hon -Home 30755.6 1.438 30636.7 1.431 33717.9 1.418
* Average Trip Length in Mi. /Trip
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vehicle miles of travel was taken as the product of the zone inter-
change and the "L," distance between the zone centroids in question
with the summation being made over all zones. The average trip
length in miles was taken as the total vehicle miles of travel divided
by the total number of trips.
Comparison of District to District Movements
A comparison also was made of the district to district movements
given by both the model and O-D data. The comparison was origin-
ally made using zone to zone movements but the small numbers of
trips gave results having little stability. Table 19 indicates the
zones that were contained in the various districts. The RMS errors
for the various volume groups and trip purposes, as shown in
Tables 34 through 43, indicate that two-thirds of the time the dif-
ference between district interchanges, as given by the model and
O-D data, is expected to be equal to, or less than, the value of the
RMS error.
District-to-district trip interchanges can be used in determining
interchange volumes between the CBD and various "corridors".
This can provide a check on the geographical bias of the model.
However, in this analysis, it was felt that the "screenline" checks
gave a dependable test for bias.
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TABLE 34
ANALYSIS OF DISTRICT TO DISTRICT^! MOVEMENTS
HOME - WORK TRIPS, FULL SAMPLE, COMPLETE O-D PRODUCTIONS-:











0-99 106 4,803 5,718 -8 27 28 63
1 00-1 99 26 3,644 3,380 10 48 49 35
200-299 5 1,236 1,053 36 90 98 39
300-399 6 2,122 2,170 -8 51 52 14
400-^99 4 1,828 1,779 12 54 56 12






1 607 525 82 — 81 13
1 844 891 -47 46 5
___
1500-1999 1 1,691 1,355 336 335 19
2000-2999 — — —
3000-3999 — — —
4000-4999 — — —
5000-5999 — — —
6000-6999 — — — —
7000-7999 — -.— — —
8000-8999 — — —
9000-9999 — — —
1 0000-999999 — — —
TOTAL 17,887 17,958
[2 Number of district to district movements within the volume group.
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TABLE 35
ANALYSIS OF DISTRICT TO DISTRICT^ MOVEMENTSA
HOME - OTHER TRIPS, FULL SAM] E, COMPLETE O-D PRODUCTIONS-











0-99 79 3,483 4,227 -9 29 30 69
100-199 31 4,303 4,796 -15 54 57 41
200-299 10 2,455 2,653 -19 122 123 50
300-399 7 2,340 2,296 6 101 101 30
400-499 7 3,191 2,580 87 135 161 35
500-599 6 3,312 3,456 -24 95 98 17
600-699 5 3,201 3,329 -25 139 141 22
700-799 2 1,459 1,628 -84 245 259 35
800-899 2 1,671 1,019 326 100 341 40
900-999 2 1,913 2,234 -160 74 176 18
1000-U99 — — —
1500-1999 1 1,669 1,779 -110 — 109 6
2000-2999 1 2,150 1,457 693 692 32
3000-3999 — — •
4000-4999 — — — —
5000-5999 — —
6000-6999 — — —
7000-7999 — -— —
8000-8999 — — —
9000-9999 1 —
1 0000-999999 — — — — —
TOTAL 31,147 31,454
1 See Table 19 for zones making up each district.
_2 Number of district to district movements within the volume group.
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TABLE 36
11ANALYSIS OF DISTRICT TO DISTRICT*-1- MOVEMENTS
NON - HOME TRIPS, FULL SAMPLE, COMPLETE O-D PRODUCTIONS-











0-99 112 4,185 4,504 -2 21 22 59
100-199 16 2,080 1
,
863 13 27 30 23
200-299 11 2,702 2,523 16 66 68 27
300-399 3 1,031 955 25 49 55 16
400-499 2 923 793 65 6 65 14
500-599 3 1,747 1,868 -40 63 75 12




1 783 720 63 — 62 8
2 1,963 2,053 -45 3 45 4
1000-1499 2 2,427 2,381 23 47 53 4
1500-1999 — — — —
2000-2999 — — —
3000-3999 1 3,335 3,522 -187 • 186 5
4000-4999 — — —
5000-5999 — —
6000-6999 — — —
7000-7999 — — —
8000-8999 — — —
9000-9999 — < — —




'1 See Table 19 for zones making up each district.
_2 Number of district to district movements within the volume group.
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TABLE 37
ANALYSIS OF DISTRICT TO DISTRICT-^- MOVEMENTS
ALL TRIPS, FULL SAMPLE, COMPLETE O-D PRODUCTIONS-











0-99 33 1,858 1,929 -2 39 39 69
100-199 32 4,648 5,066 -13 60 61 42
200-299 32 7,875 8,396 -16 98 99 40
300-399 U 4,891 4,970 -5 93 94 26
400-499 8 3 f-476 3,627 -18 66 69 15
500-599 2 1,089 480 304 83 315 57
600-699 4 2,576 2,484 23 88 91 14
700-799 4 2,943 2,996 -13 182 182 24
800-899 2 1,641 1,750 -54 65 85 10
900-999 2 1,896 1,681 107 92 141 14
1000-U99 10 12,750 12,482 26 315 316 24
1500-1999 4 6,753 6,400 88 228 245 14
2000-2999 4 9,581 10,393 -203 168 263 11
3000-3999 1 3,549 3,853 -304 . 303 8
4000-4999 — — — —






9000-9999 — — —




'1 See Table 19 for zones making up each district.
_2 Number of district to district movements within the volume group.
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TABLE 38
11ANALYSIS OF DISTRICT TO DISTRICT^- MOVEMENTS
HOME - WORK TRIPS, FULL SAMPLE, REGRESSION PRODUCTIONS-











0-99 106 4,803 6,813 -18 31 36 81
100-199 26 3,644 3,655 — 56 56 40
200-299 5 1,236 1,027 41 57 70 28
300-399 6 2,122 2,579 -76 147 166 47
400-499 4 1,828 1,793 8 39 40 8
500-599 2 1,112 1,161 -24 108 111 20
600-699 1 607 455 152 151 25
700-799 — — —
800-899 1 844 996 -152 151 18
900-999 — — — —
1000-U99 — — — —
1500-1999 1 1,691 1,089 602 601 35
2000-2999 — — — — —
3000-3999 — — •
4000-4999 — — —
5000-5999 — — — —
6000-6999 —
7000-7999 — — —
8000-8999 — —
9000-9999 —
1 0000-999999 — —'- —
TOTAL 17,887 19,568
1 See Tabled for z
2 Number of distric
ones making up each district.
t to district movements within the volume group.
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TABLE 39
11ANALYSIS OF DISTRICT TO DISTRICT^- MOVEMENTS
HOME - OTHER TRIPS, FULL SAMPLE, REGRESSION PRODUCTIONS-











0-99 79 3,483 4,959 -18 41 45 102
100-199 31 4,303 5,154 -27 65 70 •51
200-299 10 2,455 2,623 -16 100 101 41
300-399 7 2,340 3,123 -111 104 152 45 '
400-499 7 3,191 2,683 72 186 199 43
500-599 6 3,312 3,226 14 32 35 6
600-699 5 3,201 3,356 -31 60 67 10
700-799 2 1,459 1 ,602 -71 177 191 26
800-899 2 1,691 946 362 60 367 43
900-999 9 1,913 2,167 -127 150 197 20
1000-U99 — — —
1500-1999 1 1,669 1,420 249 248 14
2000-2999 1 2,150 1,311 839 838 39




7000-7999 — — — 7— —
8000-8999 — —
9000-9999 — —
1 0000-999999 — —
TOTAL 31,107 32,570
'1 See Table 1Q for z
_2 Number of distric
ones making up each district.
t to district movements within the volume group.
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TABLE 40
AANALYSIS OF DISTRICT TO DISTRICT^ MOVEMENTS
NON - HOME TRIPS, FULL SAMPLE, REGRESSION PRODUCTIONS-











0-99 111 4,185 4,831 -5 29 30 80
100-199 16 2,080 2,072 — 54 54 41
200-299 11 2,702 2,463 21 113 115 47
300-399 3 1,031 1,049 -6 43 43 12
400-499 2 923 840 41 33 53 11
500-599 3 1,747 2,019 -90 196 216 37




1 783 977 -194 193 24
2 1,963 2,203 -120 157 198 20
1000-U99 2 2,427 2,721 -147 97 176 14
1500-1999 — —
2000-2999 — — — —
3000-3999 1 3,335 4,523 -1,188 • 1,187 35'
4000-4999 — — — —
5000-5999 — — —
6000-6999 — — — — —
7000-7999 — — -.— — —
8000-8999 — — —
9000-9999 — —
1 0000-999999 — __: —
TOTAL 21,176 23,698
.1—— .i A
'1 See Table 19 for zones making up each district.
_2 Number of district to district movements within the volume group.
1Z8
TABLE 41
ANALYSIS OF DISTRICT TO DISTRICT^ MOVEMENTS/1
ALL TRIPS, FULL SAMPLE, REGRESSION PRODUCTIONS-











O-99 33 1,858 2,491 19 49 52 93
100-199 32 4,648 6,219 -49 76 90 62
200-299 32 7,875 8,831 -29 89 93 38
300-399 14 4,891 6,075 -84 132 157 44
' 400-499 8 3-, 476 4,024 -68 109 129 29
500-599 2 1,089 582 253 158 298 54
600-699 4 2,576 2,883 -76 234 247 38
700-799 4 2,943 2,608 83 143 165 22
800-899 2 1,641 1 ,800 -79 162 180 22
900-999 2 1,896 1,735 80 77 111 11
1000-1499 10 12,750 12,558 19 328 329 25
1500-1999 4 6,753 6,659 23 289 290 17
2000-2999 4 9,581 10,7^9 -289 411 503 21
3000-3999 1 3,549 4,837 -1,288 • 1 ,287 36.
4000-4999 —
5000-5999 1 5,199 3,795 1,404 1,403 27
6000-6999 —
7000-7999 .— —





'1 See Table 19 for zones making up each district.
_2 Number of district to district movements within the volume group.
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TABLE 42
ANALYSIS OF DISTRICT TO DISTRICT^ MOVEMENTS
ALL TRIPS, FULL SAMPLE, COMPLETE O-D PRODUCTIONS-











0-99 33 1,858 1,965 -3 39 39 70
100-199 32 4,648 5,041 -12 60 61 42
200-299 '32 7,875 8,389 -16 99 100 40
300-399 14 4,891 4,915 -1 90 90 25
400-499 8 3,476 3,638 -20 78 81 18
500-599 2 1,089 506 291 85 303 55
600-699 4 2,576 2,517 14 91 92 14
700-799 4 2,943 3,001 -17 196 197 26
800-899 2 1,641 1,757 -58 29 65 7
900-999 2 1,896 1,662 117 85 145 15
1000-1499 10 12,750 12,433 31 294 296 23
1500-1999 4 6,753 6,3Q9 88 251 256 15
2000-2999 4 9,581 10,498 -229 159 279 11
3000-3999 1 3,549 3,868 -319 318 8
4000-4999









'1 See Table19for zones making up each district.
_2 Number of district to district movements within the volume group.
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TABLE 43
ANALYSIS OF DISTRICT TO DISTRICT^- MOVEMENTS
ALL TRIPS, FULL SAMPLE, REGRESSION PRODUCTIONS-











0-99 33 1,858 2,554 -21 48 52 93
1 00-1 99 32 4,648 5,907 -39 83 92 63
200-299 32 7,875 8,752 -27 88 92 37
300-399 14 4,891 6,034 -81 137 160 45
400-^99 8 3,476 3,923 -55 116 129 29
500-599 2 1,089 611 239 164 290 53
600-699 4 2,576 2,970 -98 250 269 41
700-799 4 2,943 2,653 72 164 180 24
800-899 2 1,641 1,815 -87 118 147 17
900-999 2 1,896 1,725 85 78 116 12
1000-U99 10 12,750 12,603 14 309 309 24
1500-1999 4 6,753 6,714 9 303 3 >, 18
2000-2999 4 9,581 10,923 -335 374 502 20
3000-3999 1 3,549 4,846 -1,297 1,296 36
4000-4999 — — —
5000-5999 1 5J99 3,780 1,419 — 1,418 27
6000-6999 — — — — — —
7000-7999 — — -— — — —
8000-8999 — — — —





'1 See Table19 for zones making up each district.
_2 Number of district to district movements within the volume group.
131
CONCLUSIONS
It is concluded that:
1. Current zonal trip productions and attractions were
adequately estimated from mathematical models
developed from a small sample of home interviews
(selected as recommended by Reference 14) taken
in a sample of the origin-destination zones. Best
estimates resulted for home-based trip productions
but estimated non-home-based trip productions and
all trip attractions appeared to be adequate for
planning purposes.
2. Mathematical models developed from current compre-
hensive O-D or reduced sample data should be of
great value in estimating future zonal trip productions
and attractions.
3. Only three trip purposes- home-work, home-other, and
non-home were found to be practical divisions of all
trips for prediction of zonal trip productions and
attractions from mathematical models based on
comprehensive or reduced sample O-D data.
4. For home-work trip attractions, the number of jobs in
a zone was the only important factor.
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5. For home-work trip productions, the number of em-
ployed persons per dwelling unit was not found to be
a more important factor than persons per dwelling unit.
6. For all trip productions, the number of persons and the
number of cars per dwelling unit were found to be very
important factors. Other factors of importance for
trip productions were distance to the CBD for home-work
and home-other trips and area of various land uses
and number of jobs for non-home trips.
7. For trip attractions other than the home-work trip, the
number of persons per zone, the number of various
types of jobs in the zone, and the areas devoted to
various land uses were found to be important factors.
8. Travel time factors for distribution of trips by the
gravity model were satisfactorily estimated by cali-
brating the gravity model with trip length frequency
data developed from a small sample of home interviews
taken in a sample of the O-D zones.
9. The travel time factors which were developed varied in
value for the different trip purposes for the same
travel-time separation.
10. The gravity model using trip productions and attractions
and travel time factors developed from a small sample
of home interviews taken in a sample of O-D zones dis-
tributed trips among all zones to give an adequate re-
production for planning purposes of the trip distribution
133
obtained in a comprehensive O-D survey.
11. The gravity model using trip productions and attractions
and travel time factors developed from a comprehen-
sive O-D survey distributed trips among all zones to
give a good reproduction of the trip distribution ob-
tained in the comprehensive survey.
134
RECOMMENDATIONS FOR FURTHER RESEARCH
It is felt that further research is needed in developing a usable
mathematical function for travel time factors. Some recent
research conducted in this area is discussed in reference ( 1 7) .
It is believed that trip production and attraction studies among
a number of smaller cities in the same geographical region may well
yield similar estimating equations based upon zonal characteristics
alone. A brief investigation indicated that Hutchinson production
equations when applied to Pittsburg, Kansas, zonal data yielded
productions that compared favorably with Pittsburg travel data.
In addition, such studies can be expected to yield information
concerning the reasons for the similarities and differences among
the equations developed for the various cities. Truck trips as well
as auto trips should be studied.
If trip productions and attractions can be reliably estimated in
this manner, then it would remain necessary only to determine the
trip length frequency in order to calibrate a gravity model. If the
gravity model research currently being carried out at North Carolina
State University indicates that one can, using a small random sample
O-D survey, determine satisfactory trip length information, then the
Hutchinson data and computer programs developed in this research
project should enable one to determine the minimum sampling rate
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METROPOLITAN AREA TRANSPORTATION STUDY
LAND USE SURVEY
FIELD INSTRUCTIONS AND CODE MANUAL
KANSAS STATE HIGHWAY COMMISSION
INTRODUCTION
The information will be inventoried and summarized on a census
tract, or zone, and block basis. Two tabulating cards will be used
for summarizing the data.
Card 1 will contain the block statistical data.
Card 2 will detail the land uses by area in thousands of square
feet.
Card columns 1 to 10 inclusive are identification columns and
will be common to both cards.
Card columns 11 to 29 inclusive are block statistical data and
will be punched in card 1 only.
Card columns 1 1 to 29 inclusive will be blank on Card 2.
Card Col . Item
1-2 Year of survey
f*J 3-4 City being studied. Code the project number
Q assigned to the city. (For Hutchinson, this
Pjj is 95)
u 5 Sub-area. Metropolitan area sub-divisions.
C
rt Code Area
q 1 Inside major city limits
<<s>. 2 Unincorporated
3 Minor city
7 Tract or zone. From metropolitan area map.
8 Sub-zone. Code "O" for Hutchinson.
10 Block number. From metropolitan area map.
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Coding instructions - continued
LAND USE
For multi- storied buildings and for single storied buildings with
two or more businesses on the ground floor, use a line, not to be
coded or punched, to name the building, and enter dimensions and
gross area under "Description". This data will be used only for
checking total areas of detailed land uses by floors. Inventory the
first floor of multi- storied buildings before the basement or upper
fLoors
.
Description: Filed - describe the uses of an area or the floor of a
building. Enter each use on a separate line.
Card Col. Item
36 - 38 Office coding: Use the land use code in appendix.
39 - 40 " Use codes set up for the city's
zoning.
BUILDING FIRST FLOOR OR OPEN GROUND
Field form: First floor of building or open ground
Dimensions: Enter dimensions of each land use
41-45 Enter the calculated area to the nearest
1000 square feet
Note: For business buildings with more than one use on a
floor, the total area must equal the calculated gross
area shown on the heading line for the building.
BUILDING FLOORS OFF THE GROUND
(including basements where applicable)
Enter a separate line for each use.
Enter dimensions for each use OR percentage of gross floor area.
41 - 45 Area: Code area to nearest 1000 square
feet and punch in col. 41-45. Note: Calcu-
lated floor area for each use must equal
gross floor area.
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Coding instructions - continued
Note 1: Block totals at bottom of column headed
"Building 1st Floor, or Open Ground Area"
should equal the line headed "Net for other uses"
Note. 2: Sum of the 2 total blocks gives total area usage
except streets and alleys.
141







3 Wholesale and Warehouse
4 Transportation
5 Construction
6 Personal, Business, Repair Services and Office
7 Government and Utility
8 Other open space - streets, alleys, rivers, lakes, etc.
9 Recreation and Institution
Presidential ( 000 series)
000 Vacant land zoned residential
010 Unclassified
0Z0 Single dwelling unit - detached
030 Single dwelling unit - attached
Multiple dwelling units
041 3-19 units
042 20 or more units
050 Rooming and boarding houses
060 Hotels
070 • Motels, tourist homes, tourist camps
080 Trailer courts or camps
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Residential (000 series) continued
090 Dormitories, lodging houses on a membership basis
Manufacturing Industries - Heavy ( 100 series)
101 Mining, quarrying, and other extracting industries
10 2 Lumber and wood products, except furniture
103 Stone, clay and glass products
104 Metal products
105 Machinery
106 Chemical and allied products
107 Petroleum refining and related industries
108 Paper and allied products
109 Transportation equipment
Manufacturing Industries - Other { 1 1 series)
110 Furniture and fixtures
111 Professional, scientific, and controlling instruments;
photographic and optical goods; watches and clocks
112 Textile mill and apparel products
113 Printing, publishing and allied industries
1 14 Food and kindred products
115 Rubber and miscellaneous products
lib Tobacco products
117 Leather and leather products
118 Miscellaneous manufacturing industries
119 Vacant land zoned industrial
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Retail Trade (ZOO series)
200 Vacant land zoned commercial
210 Unclassified retail outlets
220 Super food markets
221 Other food establishments
230 Drug stores, eating and drinking establishments
240 Department store and general merchandise stores
250 Apparel and accessories stores
260 Furniture, home furnishings and appliance stores
270 Motor vehicle and vehicle accessories stores; boats and
marine equipment; farm equipment. (Sales and Service)
280 Gasoline service stations
290 Lumber and building materials and hardware stores
Wholesale and Warehouse (300 series)
300 Unclassified
310 Wholesalers with stock
320 Wholesalers without stock





430 Local and interurban mass transportation,
school buses and taxicabs
440 Air transportation
450 Motor freight transportation
460 Other transportation ( water and pipeline)
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Construction ( 500 series)
500 Unclassified
510 General highway and heavy construction contractors
with storage yards for construction and maintenance
equipment and oil field construction equipment.
520 General building contractors with storage yards for
construction and maintenance equipment.
530 General wrecking concerns and storage yards
540 'Special trades contractors (electrical, plumbing, etc.)
550 Buildings (all types) under construction
Personal Business, Repair Services and Offices (600 series)




640 Automobile repair and service
650 Unclassified offices
660 Financial, insurance, and real estate - offices
670 Medical and health services -
680 Other professional services - "
Government and Utility (700 series)
700 Communication
710 Utilities (electric, gas and sanitary service)
720 Post Offices and government, operational




DESCRIPTIONS OF COMPUTER PROGRAMS
WRITTEN FOR THIS RESEARCH PROJECT
TITLE: SAMPLE SELECTOR FOR TRIP PRODUCTION
DECK No. 110-27GM
Prog. 110-27GM prepares cards in proper input form for "SCRAP"
Regression Analysis Program for use in developing estimating
equations for trip productions. Input is O-D survey Card 1 and
Card 2 in order by zone.
TITLE: HOME BASED TRIP ATTRACTIONS
DECK No. H0-04GM
Prog. 110-04GM expands the home based trip attraction data in
O-D survey Card 2. Input cards are sorted onEAM. Output is cards.
TITLE: NON-HOME BASED PRODUCTIONS AND ATTRACTIONS
DECK No. 1I0-06GM
Prog. 1 10-06 GM expands the non-home based trip production and
attraction data in O-D survey Card 2. Trip productions are
expanded manually and the input cards are sorted on EAM.
Output is cards
.
TITLE: O-D SAMPLE RATE REDUCER
DECK No. I10-07GM
Prog. 110-07GM utilizes O-D survey Card 1 and Card 2 in selecting
the desired per cent of the original sample size.
TITLE: TRIP LENGTH FREQUENCY
DECK No. 110-10GM
Prog. 110-10GM utilizes the output from the Missouri Tree Building
Program for zone to zone movements and accumulates the trips by
time interval (up to 40 min.) and trip purpose. Input may be either
the O-D survey Card 1 and Card 2 or the output Card 1 from the
Gravity Model (Prog. 110-0 5GM) Output is cards.
TITLE: TRIP LENGTH FREQUENCY CONDENSER
DECK No. 110-15GM
Prog. 110-15GM utilizes the output cards of Prog. 110-10GM as
input and computes and types out by trip purpose the per cent trips
by time interval (up to 40 minutes), the total number of trips, the
vehicle minutes of travel and the average trip length in minutes.
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TITLE: GRAVITY MODEL DISTRIBUTION
DECK No. 110-05GM
Prog. 110-05GM distributes the input trip productions and attractions
to the zones and lists the observed and calculated values of produc-
tions and attractions by zone. Input consists of the total number of
zones, inter-zonal travel times, K-Factors (not used), productions,
attractions and terminal times, and travel time factors.
TITLE: SCREENLINES - GM
DECK No. 110-20GM
Prog. 110-ZOGM tabulates the number of trips crossing a screenline
for a single gravity model purpose. Input consists of the output
Card 1 from the Gravity Model (Prog. H0-05GM) and a deck con-
taining the zones on each side of the screenline. .Output is cards.
TITLE: SCREENLINES - O-D
DECK No. 110-2IGM
Prog. 110-21GM tabulates the number of trips crossing a screenline
for each of up to five (5) general purposes and total trips. Input
consists of the O-D survey Card 2 - Card 1 may be included but
is overlooked by the computer. Output is cards.
TITLE: VEHICLE-MILES O-D
DECK No. 110-40GM
Prog. 110-40GM computes to . 1 mile the "L" distance from the
centroid of the zone of origin to the centroid of the zone of desti-
nation. Input consists of the x and y coordinates of each zone
centroid and the O-D summary cards from Prog. 110-102 GM.
Vehicle miles of travel are typed out .
TITLE: VEHICLE MILES GM
DECK No. 110-4IGM
Prog. 110-41GM computes to 0. 1 mile the "L" distance from the
centroid of the zone of production to the centroid of the zone of
attraction. Input consists of the s and y coordinates of each zone
centroid and the output Card 1 from Prog. 110-05GM.
TITLE: POLYNOMIAL OF BEST FIT
DECK No. 110-30GM
Prog. 110-30GM computes the desired degree of polynomial to
best fit a given set of points (x-y coordinates). The co-efficient
of each term and the RMS error are typed out and the x-y co-




Prog. 110-35GM, utilizing the coefficients from the Multiple
Regression Analysis "SCRAP" and the values of the variables in
the equation, solves the equation for the dependent variable.
Output is cards.
TITLE: REFORMAT O-D VOLUMES (HIGH ZONE TO LOW ZONE)
DECK No. 110-50GM
Prog. 110-50GM reformats the O-D survey Card 2 so that all trips
go from high numbered zones to low numbered zones, resulting in
two cards for each combination, i.e. , the original trips from the
high zone to the low zone plus the reverse trips between the same
zones with the trip ends interchanged. Output is cards.
TITLE: COMBINE O-D VOLUMES
DECK No. 1I0-102GM
Prog. 1I0-10ZGM combines the two output cards from Prog. 110-
50GM into one, with all trips from high to low numbered zones.
Output is cards.
TITLE: PAIR OD-GM VOLUMES
DECK No. 110-103GM
Prog. 1I0-103GM requires as input the reformatted and combined
O-D data output from Prog. 110-102GM and the output Card 1 from
Prog. 110-05GM. This program combines the gravity model volume
to two-way and pairs the corresponding O-D and GM two-way volumes
between each pair of zones. Output is cards
TITLE: COMPARISON ANALYSIS
DECK No. 110-104GM
Prog. 110-104GM, using the paired volumes from Prog. 110-103GM,
accumulates by volume groups a table of differences by differences
groups. It then computes for each volume group the frequency of
differences, the mean difference, the standard deviation of the dif-
ferences, the RMS error, the per cent RMS error and the total
number of O-D and GM- trips. Output is cards.
TITLE: CARD CONVERSION (GM TO TRAFFIC ASSIGNMENT)
DECK No. H0-110GM
Prog. 110-HOGM converts the output Card 1 from Prog. 110-05GM
to input format for the Missouri Traffic Assignment Program.
Output is cards.
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TITLE: STATISTICAL TEST OF REGRESSION ESTIMATES
DECK No. 110-106GM
Prog. 1I0-106GM computes and types out RMS error and per cent
RMS error of estimated productions or attractions versul O-D
productions or attractions.
The following programs were used but were not written for
this project:
SCRAP, Sixteen-twenty Card Regression Analysis Program, IBM
Program Library File No. 6.0.00 3.
A multiple regression analysis program capable of handling a
maximum of 23 variables and was used in the development of
estimating equations.
The battery of programs, originally written by the Missouri
Highway Commission, for traffic assignment was utilized in the
determination of "time trees" for the Gravity Model Districution
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